S 1027

APPLICATION OF REMOTE SENSING
'TO COASTAL ZONE MANAGEMENT

' 5' Qbéé{a“ |-Zone
~ | Information
Qenter'

. , i © DOCUMENT 10

1 COASTAL ZONE
INFORKATION CENTER

R

JUN 30 1977

ﬁl ﬁ

PR

f‘ i e .,I el . i
' 1
b 3

. A‘i

‘(



.

- .- ..

DI

HT392 A6) 1576 ¢ 102

IIAWAIT COASTAL ZONE MANAGIMENT PROGRAM

Document 10

) _— . %ASME LORE

The Application of Remote Sensing

to Coastal Zone Management E&E @ﬁﬁﬁﬁ?g@% @Eﬁ?‘?&ﬁ

This document was prepared for the
State of Hawaii Department of Planning and Economic Development
by the

Flectromagnetlc Systems Laboratories, Inc.
Sumnyvale, California

The preparation of this report was financed in part
through a Coastal Zone Management Program Development Grant
- from the United States Department of Commerce

December, 1976



THE COASTAL ZONE MANAGEMENT PROGRAM DOCUMENTS

Document-

1 Technical Con51derat10ns in Developmg a Coastal Zone
Management Program for Hawaii

2 Inventory of Federally Controlled Land in Hawaii

3 Documentation for Illustrative Mapping of Alternative
Coastal Zone Boundary Designations for Selected Sites
in Hawaii ‘ .

4 - Bibliography of Sources Relating to Coastal Zone Land
and Water Uses

5 "The Application of Remote Sensing and Computer .Syst‘ems
to Coastal Zone Management

6 -Legal Aspects of Hawall s Coastal Zone Management

- Program

7 Organlzatlonal Structure, Management, and Implementation
of Hawall s Coastal Zone Management Program

8 Coastal Resources 'a.nd Hazards: Identification, ‘Analysis

and Recommendations Regarding Management Problems

9 Revised Inventory of Federally Controlled Land in Hawaii

10 The Application of Remote Sensing to Coastal Zone
_Management - _
11 Organizational Aspects of Managing Hawaii's Coastal
Zone ;

Library of Congress Cataloging-in-Publication I'nformation:v

Electromagnetic Systems Laboratories, Inc.

The application of remote sensing to coastal zone management.’
Prepared for the State of Hawaii Department of Plamming and Eco-
nomic Development. [Honolulu] Hawall Coastal Zone Management
Program, Dec. 1976. . . )

(Document - Hawall Coastal Zone Management Program; 10)

1. Coastal zone management - Data processing. 2. Remote sens-
ing systems. 1., Hawaii. Department of Planning and Economic
Development. II, Title, III. Series. ‘

HT392.H321 no.10 (x Hawaii Coastal Zone Manacement Procram)

\ N
. . . .
' .



 COASTAL 70RE
INFORRATION CENTER

PREFACE

RESL's‘outpﬁt proaucts for the fiscal 1976 year consist
of this final report plus the resources inventories and classifica-
tion legends. The inventory consists.of various mylar overlays
keyed to different map bases and depicts the location and extent

of pertinent resources. These maps and classification keys are

. referenced in this report; but, because of scale and volume

limitations, -cannot be .included in their entirety. The actual
resource inventories can' be reviewed at the Department of Planning

and Economic Development, 250 8. King Street. ESL encourages

review and comments on the content and format of these prototype

CZM map products..

‘Similarly, ESL work encompasses the extensive use of
color and color infrared data, both in the analysis phase and
the presentation phase.

‘Due to reproduction costs, only a limited number of
reports contain color photographs. This'is unfortunate because
the analysis of color infrared imagery %s based on the differences

in hue and~saturatibp of various objects and backgrounds. Black

- and white renditions of color infrared imagery do not eéxhibit these

important differences. Fufthermore, although black and white

reprbduction of color infrared photographs appear similar to
black and white panchromatic and black and white infrared photo-
graphs, they cannot be interpretea as such. The gray scale values

~
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of various objects in black and white renditions of color infrared
images are not the same as those for the same objects as recorded
in standard panchromatic or standard black and white infrared

photographs.

. The reader wishing to verify personally any discussioné
concerning the analysis of the imagery presented herein should
contact the CZM Data Facility to make arrangements to view
positive~tranéparencies.
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1. " INTRODUCTION.

The 1972 Coastal Zone Management (CZM) Act, Public Law
92-583, provides financial squort to encouragé individual states
in’effective management of their coastal environment. Two major
sections of the CZM Act are Section 305, which provides for the
development of a management plan, and Section 306, which supports

implementation of-the management plan.

. The State of Hawaii legislature elected to participate
in the CZM program and designated the Department of Planning and
Economic Development (DPED) as the lead égency for CZM plan prep-=
aration. DPED is preseﬁtly-completing its second year work pfogram
under Section 305 of the Act. Part of this program responds to
incorporation of advanced technology to aid in plan preparation and
ultimately in management of the coastal resources and environment.

ESL Incorporated, under contract to ﬁPED’in the Coastal

Zone Management Program, is investigating the application of remote
sensing technology to the Hawaiian CZM program. This report pre—.
sents the results of ESL's work efforts during the second year

planning program.
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1.1 - ESL Objectives.

ESL's participation in Hawaii's CZM program investigates
the utility of remote sénsing technology to provide resource and
environmental information required by the planner and managers.
The long-term objective is -to provide an efficient system capable
of responding to the informationalAneeds of the- CZM program from
plan development through. the management of the coastal resources.

The specific«objectives of the second year's work effort
are: '

1. to refine and expand the analysis methodology begun

during -the first year's program

. 2.  to test the effectiveness, of this methodology by
performing actual resource inventories on critical

‘resources and selected areas

3. to increase communication and develop an educational
training program on practical ‘application of rémote
sensiﬂg. : - -

The first objectives are concerned with defining user

requirements, establishing resource classifigation systens,

developing efficient -analysis techniques that incorporate existing

data sources and remote sensing, and, finally, establishing a

suitable preSentation‘format. Section 2 of this report presents

detailed_discﬁssions of analysis methodology.
The second 6bjective is to employ these technigques and
cléssification systems to éollect actual resource and
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1.1 ~= Continued.

environmental information. An evaluation of the resulting products
and information can then be used to determine the most appropriate
analysis system for the Hawaii CZM program. Ideally, this evolves
-into an on-going system that provides input for management and
planning decisions, a long-term monitoring capability, and a source
of scientific documentation which will support controversial.
decisions. . Section 3 and supporting appendices present the results

of this year's inventory efforts.

Less conspicuous, but equally important, is the problem
of integrating and synthesizing a broad range of technologies and
scientific disciplines in such a manner that their combined output
product can and will be accepted by planners as a valuable infor-
mation source. This task begins by increasing communication
between the information gatherer and the planner/manager. The
coastal zone planning and management program is interdisciplinary
and each group must become more informed about the other's prob-
lems, Capébi¥ities and limitations. A common language must be
established which translates planning activitiés into quantitative
informational requirements which can then be addressed by the
remote-sensing specialists and resource scientists. To facilitate
this, ESL hdbes to familiarize CzM staff, citizens groups, other
concerned state and local agencies, and legislative representatives
with the state-of-the-art regarding remote sensing. A better
understanding of "new techniques" fosters cooperation and effects
a greater utilization of this new technology. Section 4 presents
this year's activities in communication, public awareness and

training.



1.2 First and Second Year Work.

During ESL's first year's effort, an experimental
ciassifiéation system was developed‘ahd several informational
parameters were mapped. The output product, available for
inspection at the Department of Planning and Economic Development
(DPED) , was a set of multiple overlay maps registered to 7 1/2
minute U.S. Geological Survey (USGS) guadrangle maps. ESL
accomplished this ihVentory in a very short time {(April and May
1975), primarily through an interpretation of high altitude aerial
photographs and supporting field investigaﬁions. The first year's
remote sensing applications study demonstrated, among other
things, a quick response capability for gathering information..
However, time was also spent assessing existing information sources,
the extent of local remote sensing capabilities and user require-
ments relative to an information system. ’ '

The second year's work analyzes the first year's
product in terms of format and user utilization capabilities. This.
analysis, together with'input from citizen's groups, czM staff,
consultants and other State CZM programs, scrutinizes the original
classificatioq‘schemes and informational parameters; then tests

for relevance, usability and accessibility by plan designers. The

_ second year's output, with the proper use, will produce an inven-

tory process* capable of a) providing information crucial to the
establishment of a management plan, and b) furnishing input over

*The importance of a process as opposed to a routine lies in the
fact that a process, while dware of history and trends, keeps an
open mind to the advances of the present and adapts to the most
up-to-date ideas and technology. A routine "sustains past achieve-
ments" by endlessly repeating them, losing touch with the present
and its implications for the future. See Section 2.1 for further
details,
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1.2 -- Continued.

time as required under Section 306 Implementation. Once that
process is defined, the emphasis can shift from methodology
development to providing statewide inventory updates of key

parameters in a relatively short time frame.

1.3 . Summary and Recommendations.

. -

N

The previous sections outlined and briefly discussed the
objectives of ESL's first and second year's work with regard to
the Hawaiian ébastal zone management planning. This section
summarizes the approach employed to achieve these objectives and
the results thained; and recommends future direction.on both
general and specific levels. '

’ ESL's expertise lies wifbin the technical realm and is
aimed at solving problems, gathering information and processing
that information into a usable format. ‘Much of the information
required by CZIM planners and managers is already available with

. current data. It needs only to be defined, extracted and properly
formafted.' The goals and informational‘parameﬁers required, how-
ever, must be identified and defined by the planners, the citizens
and the political représentatives. Herein lies the greatest .
difficulty -- the communication of those needé from the planner
to the technical scientist; and, in reverse, communication of
technological capabilities and limitations by the scientist to
the planner. This problem is not unique to Hawaii. It is found
Whengver an interdisciplinary team‘addresses a common problem.

As representatives of the various disciplines become more aware
of ‘the contributions of all toward the common end, a more thorough

analysis can be accomplished; thus attaining a more realistic plan.

) : , 1-5
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Major technical sections of this report deal with

—

Methodology (Section 2)} Inventory (Section 3), and Information’
Dissemination and Education (Section 4). Methodology explores

" various possible alternatives for completing the tasks and

describes‘that technology which could provide cost-effective -
information. Invehtdry utilizes the developed methodology on an
operational level to obtain needed cultural and resource infor-
mation. Informatlon Dissemination and Educatlon is extremely
important -as it concerns the training and education of the Hawaii
CZM planners and managers to aid them id_incorporating the
developed mefhodology in their CZM program and in understanding
the advantages and limitations of the resultlng inventory infor-

mation. : L

Varlous classifications, descrlptlons, map reproductions
and expanded scenarios have been placed in an appendix format.
The reader must realize that these are not working maps and have
been included in this report only to make the reader aware of
their existence. Full sized maps and overlays\are available for
examination at DPED/CZM officee in Honolulu. Readers are encour-
aged tc comment on ESL's,second year's methodolog& work based

upon an understanding of £he multiple-overlay system, working scale

" maps and data processing involved.

1.3.1 ~ METHODOLOGY DEVELOPMENT.

Analysis methodology attempts to define the
informational requirements of the CZM program and then determines,
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or develops, the most efficient means to collect, process, analyze
and disseminate the information. ‘To determine the cultural and
resource informational needs;, one must understand the’coastal »
zone system including the administrative and management aspects.
ESL undertook a fairly rigorous analysis of requirements during -
our first year's program. This work focused primarily on the
Federal requirements as presented in the National Oceanic and
Atmospheric Administration (NOAA) Rules and Regulations for Plan
Development (ESL Inc., 1975). This year's efforts relate to the

specific needs of the State of Hawaii.

1.3.1.1 Systems Approach to Coastal Zone Planning and

Management.

_ The "systems approach"” to understanding and managing
Hawaii's coastal zone is a relatively simple concepﬁ, yeE an
often misundepstood one. As used here, it is the process by
which the existing state of the cultural and physical resources
is compared to the desired or preferred state of those resources.
Should the former not be in the long—term of interest of the people
of Hawaii, procedures and controls are instituted to reverse any
deteriorating condition. High technology, such as computérs and
remote sensing, is not implieit in this definition.  Their use '
can improve, however, the efficiency with which the state of the
tesources\is measured and evaluated; thereby aiding in developing

procedures and controls to rectify the existing conditions.

There are two major components of a coastal zone

management system: the biophysical subsystem and the resource

N
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management/éontrol subsystem. The biophysical subsystem consists

of the natural geological-ecological processes of the Hawaiian
Islands modified by the influence of man in terms of both utili-
zation and production of’reéourcés. All usable resources are -
constantly present within the coastal zone, and their presence is

measured by the most suitable means available.* The managément/

controls subsystem compares the existing state of the resources

against the ideal or desired state, the latter“being the long-
term objectives and policies of the Hawaiian people with regard to
the coastal environment. It is possible, though unlikely, that
the desired state of the biophysical resources is identical to the
existing resource state. More likely, some management controls
{legal, administrative, biothsical) will be necessary to alter

the existing condition in the direction of the preferred state.

' Rémote sensing technology is concerned with the-data
acquisition, data processing, data analysis and diésemination
functions 6f the overall coastal zone management system; The
resulting information serves as input to the planning and decision=
making functions and, in turn, influénces the management controls

exerted on the resources.

1.3.1.2 Remote Sensing and the Planning Process.

Typically, remote sensing addresses the scientific:

aspects of a resource problem. This .involves understanding the

*No measurement technique is 100% accurate. The measured state
of the resource is an estimate and any measurement technique(s)
which improve(s) accuracy, timeliness or completeness increase(s)
the effectiveness of the entire system.
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-

biological and ecological processes of a region or resources by

.measuring the state of the resources, i.e., mapping-.location,

~

extent, quality and quantity of the resources and changes over

time.

An equally important question is the place of remote

- sensing in the public planning process. By public planning

process is meant the development of public policies and objectives

~with regard to some-issue or problem and the implementation of

method (s) to achieve the objective(s). The central issue con-
cerns the mechanism (organization, processes and procedures)
reqﬁired to utilize remote sensing technology, sYstematiCally,

in the pﬁblic planning process. v

. The results of our 1nvest1gatlon in this area have
1dent1f1ed the primary problem - communication between the public,
the planner and the technologist; and the solution - education
and training. ‘ ' \ ﬁ

The scientist and the technologist must understand the
planning process including the political realities common to major
projects such as the CZM program. The planner must have some
undetstanding of technology, how it works and its limitations.

The technologist who is unable to grasp important qualitative
elements of the planning process may develop a 301ent1flcally
rigorous methodology hav1ng little practicable appllcatlon. ,The
planner unable to cope with the guantitative approach of the
technologist-scientist will continue to employ inaccurate  and
inefficient methods of data collectlon, processing and analysis;

. and the resultlng policies and controls will suffer accordingly.
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The solutlon is to foster understandlng and communication
between ‘the two groups and the public, not on a one- time basis,

but on a continuing day-to-day basis. .

1.3.1.3 Analysis Techniques.

To support DPED's inventory and information gathe;ing

‘needs, ESL has investigated several classification_systems and

analysis techniques to optimize the environmental data collection

and processing and analysis functions of the CZIM system.* The

" goal is to integrate various data sources and analysis techniques

into .a cost-effective information gathering process. Considerable.
effort was directed at developing the reseurce classification
system most suitable to Hawaiian coastal zone management.

Toward this end, field observations, low altitude panchromatic
photographs, high altitude color, and color infrared photographs,
and LANDSAT satellite data were 1nvest1gated as possible 1nput
mechanisms. Analysis of this combination of data sources resulted
in a multilevel data collection approach which has historically

shown to be useful in other projects.

*NOAA's Coastal Zone Management Program, Development Grants, 305
Guidelines, Subpart C, Section 920.20(a) states: "(a) It is clear
that the process of developing (and operating) a management program
for the coastal zone will necessarily involve frequent access to
informational and research sources. 'In many cases, adeguate under-
standing of questions such as dune stabilization, barrier beach
dynamics, salt marsh productivity and estuarine circulation and

-flushing, to mention only a few, will be needed in order to develop

successful management programs. Also, the process of inventorying
and mapping the nature of a State's zone and designating areas of
particular concern almost certainly will benefit from the applica-
tion of technologies employing remote sensing.”
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Traditional photo interpretation techniques were applied
to low altitude black and white and high altitude color and color
infrared photogfaphs. The interpreter-scientist relates the size,
shape, tone, texture, shadow pattern and location of the various
objects and backgrounds as portrayed in the imagery to the néces—
sary resource or cultural information; (e.g., land use, vegetation,
sedimentation source, soil erosion, marine habitat). Inference,
convergence of evidence, is also a powerful technique in deriving
infofmation from photographs. These techniqﬁes taken in aggregate
were found to be useful in providing much of the required resocurce
information. The reader desiring detailed methodology of the
interpretation process should consult any one of several standard

references; e.g., AmericahFSociety of Photogrammetry, 1960, 1975,

Moreover, additive color analysis was employed for greater

water penetration capabilities; and digital processing of LANDSAT
imagery was investigated_to determine its usefulness to the CiIM
program. A Sepgrate study oh computer processed LANDSAT Data was |
accomplished and is discussed in detail in the report. This tech-
nique holds promise depending upon the definition of CZM require-
ments. - ’ .

The results of investigating various analysis techniques
have shown that no one data source or analysis technique is optimum
for the CZM program. Because of the complex and divergent
informatidnal requirements of the‘CZM program, it will be neces-
sary to identify and define the informational needs for each
problem or resoﬁrce attribute, and then apply the most appropriate

data sources and analysis methods for each one. To try to force

<

) ,
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1.3.1.3 -- Continued.

one data source or analysis method to fit all problems will result

in inaccurate or inefficient procedures.

1.3.2 INVENTORY.

The second year focused additional effort on inventory =
products as a platform for implementing and evaluating methodology.
/Many interpretive and analytic techniques were brought to beér in
establishing an optimal multiple data collection system.

An important aspect of ESL's CZM inventory task is that
of converting raw data into relevant information and then present-
ing that information as an easily understood, useful tool, for

nonscientifically oriented planners. This task includes:

1. Definition of categories of required information
2. Formulation of a meaningful classification system
3. Providing adequate accuracy and detail within that

classification system without exceeding funding

limitations

4., Furnishing a presentation system which will allow
easy access, be graphically sufficient, and
facilitate and support user decisions with

scientific documentation.

-~
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ESL's inventory work includes: 1) the statewide wetlands
study undertaken in conjunction with the U.S. Army Corps of :
" Engineers, 2} the Kauai County inveﬁtory,‘and 3) geographically
specific problem analysis areas. ;

ESL's inventbry task. produced maps, élassifications,
formats, etc., The output products are described and discussed
in the final report; however, the nature of these products pre-
cludes complete inclusion within this document. It is imperative
that the output products themselves be carefully examined and
critiqued by planners, public committeéé and others in order to
be truly valuable. - '

1.3.2.1 . Wetlands Inventory. .

The Hawaii Coastal Zone Maﬁagement Program, realizing
the importance of wetland areas and the impact those areas have
on planning and management decisions in the coastal zone, began
discussing a wetlapd.survey early in 1976. Following negotiations
~with the U.S. Army Corés of Engineers; a cooperative statewide
© wetlands inventory effort between the Hawaii CZM Program and the F
Corps was undertaken. This two-phase program, begun in late
February 1976, was to combine the-capabilities and outputs of
. each participant into -a single, informative document as cost-

effectively as possible.

) Phase one, supported by the CZIM program, consists of
identifying and locating all significant wetlands, or probable
wetlands in the state. The output product is an overlay registered

1-13



[

A

‘ 1.3.2.11 -- Continued.
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' to(the 7.5 USGS quadrangle maps indicating the general type and

location of the wetland.

Phase two, to be conducted by the U.S. Army Corps of
Engineers, will consist of visits to each indicated site to
determine if the wetland should be included in the inventory; and,
if so, to obtain detailed vegetation and ecological information.

~ ‘'The Coastal Zone Management (ESL Incorporated) portion

of the wetland study is based primarily upon aerial photographic

: interpretation of high altitude color infrared photographs of

October 1974 and July 1975 and U.S. Army Corps of Engingers’

low altitude, black and white shoreline photographs of 1975 and
1976. General wetland type (e.g., lowland meadow, estuarine, salt
marsh, etc.) is provided with more precise vegétation species

descriptions included where ESL field teams have gathered ground

‘truth support data. Wetland delineation over the entire State of
.Hawaii has been accomplished for those wetlands aéproximately

five acres or greater in size. Gaps in the statewide aerial

.coverage, due mainly to cloud cover, necessitated ancillary infor-

mation sources be utilized (USGS quadrangle maps) in some areas.

P
o -~

For this stuay, a wetland is defined as "areas having
wet, marshy soil conditions, frequently inundated by or covered
with fresh, brackish or salt water, subject to tidai, riparian or
drainage’ponding influence, and including 'high bogs'; those areas
distinguished by particular and unique vegetative species that '
require saturated soil éonditions for their growth and reéfoduc—

tion."
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} The phase One préduct is a systematic display of
delineated wetland areas accomplished through an overlay system _

keyed to USGS quadrangle maps (1:24,000 scale and 1:250,000 scale).

Only the overlays are provided,;to be utilized in conjunction
with in-house copiés of the various quadrangle maps. These maps
will provide over-view wetlands locational information to the

czM planners and will facilitate detailed ground investigation
by the U.S. Army Corps of Engineers. The combined‘output product
is an excellent example of interagency céoperation and the appli-
cation of multilevel data gathering and analysis to obtain the

desired information.

1.3.2.2 - Kauai County Resource Inventory.

" Webster defines resource as "an available means; a
natural source of wealth or revenue". . Hawaii is rich 'in natural
resources and not very many years ago was substantially richer ;n
some of its resources. Recent public awareness has forced govern-
mental representatives to address the problem of diminishing
natural resources. ESL's resource inventory is aimed at providing

“information to managers thereby enabling. them to. serve this task
better.

5

» The purpose of this inventory study is based upon the
planning/management informational needs of the State and County
-governments, and is in accord with NOAA threshold papers (Federal

recommendations). -

\ " - - - -
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~

- The perennial problems encountered with constructing a
respurce attribute classification_system are correct identifica-
tion of user perspectivesrand anticipation of long-term value ,
fluctuations., The user perspective is as varied as the individuals
using the system and is complicated further through resource
weighting, projected program goals, and funding limitations. As
time passes, land value patterns change placing new planning and
management requirements on a system designed fof‘old demands. The
definition and compatibility of "land use" and "land cover" classes

is also difficult.

ESL has reviewed many classification scheme desi§ns in
formulating a system for .the Hawaii Coastal Zone Management -
Program methodology study. Each design presented several wvery
positive elements; but, in each the value of the positive element
was partially offset by irreconcilable conflicts when operationally
tested. The problem was not solely with the classification
schemes feviewed, but with the complexity of uses to which coastal
zone management would subjeét them. The‘goal was to design a-
classification system which would: 1) deal.with a wide range of
resources, 2) be flexible enough to access information relevant to
specific combinations of resources, and 3) be easily corrected,

updated or modified.

Through our inventory methodology studies, a multiple

overlay system was formulated and implemented. Eight categories

of information were defined and mapped:
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1. Land Use Districts
2. TranSportation
3. Land Use _
4, Vegetation
. .
5."° Shoreline Habitat
6. Sané and Reef
7. Rivers and Streams = -
8. Wetlands

These categories were determined by the techniéai consultants
(ESL, PUSPP and H.\Mogi)fand approved 5y CZMP staff. Discussion
with the Kauai County Planning Department also provided input;
?articﬁlarly, the level -of detail relevant to local government

planning..

Each category has its own mapJand a'specifically tailored
classification system which furnishes the maximum amount of infor-
mation through a minimum number of detail 1evels.l On any\&ap or
classification scheme as more delineations are drawn out, the
number of detail levels increases. As these increase, the design
of the system becomes more and more complicated and the illustra-
tive graphics and class breakouts becéme progressively more '

difficult to utilize. By separating major resource categories

'
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and supplying each with a simplistically tailored class breakdown,

the data become more accgssible, easier to -use and deal smoothly -
with redundancies. An excellent example is, "is it grassland or
pasture; bare ground dr recreational beach, waste field or open
space?" Eacﬁ resource category map supports the resource inven-
tory function, but by being individually autonomous, provides

N

stand-alone information as well.

Network system overlays (e.g., rivers and streams) are
chpletely compatible with areal delineation overlays (e.g.,

. vegetation); and, though designed for initial manual use, both

can be guickly converted to a computerized. process.

. Several use benefits become readily apparent with the
multiple overlay system. First; new categdfies can easily be.
added. Soil conservation maps, already completed by USDA can be
added to this system with little if any modification. Orthophoto
quad maps could eésily create a new base map. Secondly, individ—

ual resource maps or overlays can be‘selected‘and combined to

"focus on particular problems. For example, vegetation maps and

rivers/streams maps can be»combined to study water demand problems.
Thirdly, thé problem of separating land use and land cover is o
solved. On a Vegetation overlay, the classification may be "grass- !
land" while on a land use overlay it wogld be "pasture". Bare
ground on a vegetation overlay might bé”a boulder beach on the
shoreline habitat overlay indicating a micro-environment to be
conserved. Levels of detail need not become excessively complex
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on any one overlay since other overlays are addressing other
resource informational requirements. By analyzing a'relétively
small number of problem areas, planhers and managers can begin to
set up predictive models which, in turn, can assist in prioritizing

permissible uses.

ESL's task is to present relevant resource and
enviionmental information to these decision makers. The final
decisions, however, must include a consideration of economic,
social, and political factors. Subsections in the final report
discuss geographically specific problems and attempt to draw the
reader, through a process which involves the use of remoté sensing,

_into detecting, identifying and recommending solutions.

1.3.2.3 Problem Analysis.

Much effort has been directed towards the identification
of problems in the Hawaiian Coastal Zone. As could be expected,
one man's pleasure is another-man's problem. PUSPP undertook to
. determine what Hawaii's citizéns considered to be problems and
then formulated a list prioritizing these for further attention.

' Problem analysis, however, goes far beyond simple listing. Both
PUSPP and ESL have delved into the question, "what are the sig-
nificant causes behind the problem" and fhow can managers best

deal with the causes to ameliorate the problem."

ESL's approach to problem analysis is:
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1. Identify the problem (e.g., ¢coral kill).
2. Locate the physical effect creéting the problem,

e.g., sedimentation).

3. Through remote sensing technology, trace the
effect of the problem to its physical cause

(e.g., soil erosion).

4. Determine the land use activities or conditions

which initiated the cause, (e.g., overgrazing).

5. \Outline the phzsical boundary of the problem to
include cause, pathway(s) and effect(s);

establish geographic area of particular concern.

6. Recommend key points at Which to monitor cause
and effect of the problem.

\

1.3.3 =~ INFORMATION DISSEMINATION AND EDUCATION.

"AWARENESS" on the part of both planners and scientists
has been discussed previously and in a plethora of publications
relating to the inaterdisciplinary importance of successful plan-
ning and management. Germane to this theme, ESL approached the
task of making the technology of remote éensing less mysterious
and hence more accessible to everyone participating or interested

in the Hawaii Coastal ZQneLManagement Program.

/
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/
Oover and above the numerous scheduled presentationé and
“workshops»in which ESL took part, two major educational tasks
were accomplished.»‘A data facility or centralized information
A clearing house feasibility study was begun and %artially imple-
mented; and a REMOTE SENSING Seminar was held.

1.3.3.1 Data Facility Alternatives.

Now in its second yéar, DPED has been working closély
with ESL-and the National Aeronautics and Space Administration,
ames Research Center, in the area of remote sensihg’technology.‘
During 1974 and 1975, Ames Research Center obtained over 2600 high-
altitude U-2 photographs of large portions of the Hawaiian Islands.
This imagery, sent to DPED, represents e€xtremely valuable source
informétion on land use. and cultural and naturai resources of the
state. Furthermore, collected over time, these data provide ’
information oﬁ thenchanging‘nature of key resources as discussed
in the previous sections. The CZM program (as well as ofher_long—
range planning programs within DPED) is not a one time effort; and
~the éstablished data base can be effeéti%ely used for years to
come.

The mere physical existence of remote sensing data,
however, is no assurance that it will be\effectively utilized.

Some means must be developed to catalog;the data, and suitable
equipmentlmuét be obtained to carry out the necessary planning!/
processing, and analysis functions discussed previously. The
existing U-2 imagery must be used in céncert with (not as a
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replacement for) other typés of remote sensing data,(satellite,

low-altitude aircraft) and ancillary information such as maps,

' charts, reports, and interpreted results from earlier investiga-

tions and field notes in order to derive maximum benefit. This
suggests some sort of data facility or information clearinghouse
is needed to ensure effective use of the imagery for the CZM and

related programs..

A data facility, clearly, would be beneficial in X
providing: 1) an efficient informational storage and interpretation
center, 2) uniformity of information.format presentation, 3) a
capability to update information quickly and effectively, 4)van
historical data base to be uSed-fqr trend analysis; and 5) to
establish a mechanism for interdisciplinary communication essential -

to the success of the CZM program.

ESL has undertaken exploration of various alternate data

_facilities and plans for their implementation. Specifically, this

study addresses:

® Thertype of facility best suited to the needs of
the State of Hawaii ' '

° A recommendation for a phased long-range

implementation plan

e Specific procedures and data cataloging criteria

‘for the existing in-house U-2 imagery.
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Thus far a data facility has been discussed, advertised, approved
and looked for by interested potential users. It has not, how-

‘ever been implemented.

1.3.3.2 Remote Sensing Seminar.

Held in April of this year the -seminar was, based upon
feedback from the participants, a worthwhile and reasonably P

successful undertaking. Topics, speakers and agenda are discussed

in the final report in Section 4.2,

1.3.4 Recommendations.

ESL Incorporated recommends an extension of the basic
inventories begun over the Island of Kauai this year to encompé;s
the entire State. These statewide inventories will be updated
every five years and se€r¥rve as an dverall planning aid. Specific

recommendations are:

1.  Examine the multiple overlay resource attribute
system; and expand and extend the attributes and

classification system for the entire State.

2. Incorporate the final analysis methodology into the

statewide planning process on a systematic basis.

3. Continue and strengthen liaison with U.S. Army
Corps of Engineers to facilitate Phase II of state-
wide wetlands study and incorporate the end

product into CZM data base.
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oo ( 4. Use the results of 1. through 3. above, in
conjunction with +dinput from other CiM consultants,
the various advisory groups and citizens, to \
identify geographic areas of particular concern
and to define specific informational needs for

detailed quantitative inventories required for

CZM management activities.

To aid in accompiishing the above objectivés and to synthesize and
coordinate all aspects of the CZM program, ESL recommends the
establishment of a CZM Information Clearinghouse or Data Facility.
This facility can: 1) serve as a means of communication between .
all interested CZM participants; 2) consolidate state data
acquisition and analysis requirements thus avoiding costly dupli-
cation of éffort; and 3) serve as a mechanism to establish infor-
mation requlrements and aid in the implementation of CZM policies

and guidelines under Section 306 Fundlng

- ESL has recommended a phased approach to the establishment
and expansion of a CZM data facility (details are provided in-
Section 4.1). Specific recommendations are:

1. Review alternative data facility scenarios, and
" . decide upon long-term goals.

2. Acquire necessary space, equipment and personnel;

then implement plan.
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ESL further recommends that the State of Hawaii maintain liaison
with NASA and other research and technology5agencies; and using the
"above recommended data facility as an efficient mechanism, incor=-
pbrate new advances in computer information systems ana remote
sensing into the state planning process. Two areas, color addltlve

anadlysis and leltal image processing using LANDSAT data, were

investigated by ESL during the past year and both hold considerable

promise. Details can be found in Section 3. With&regard to

LANDSAT, the following are recommended:

1. Determine future availability7probabili£y of

cloud free LANDSAT over the Hawaiian Islands

or key areas of the Islands.

2. Based upon Cleérlyvdefined informational
requirements, incorporate LANDSAT digital
processing, along with photo interpretation
of existing U-2 and new low altitude
photographs. and field surveys, for detalled
quantitative inventories.

- .

-
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2. METHODOLOGY DEVELOPMENT.

Analysis methodology attempts to define the informa-

tional requirement of the CZM program and then determines, or

‘develops, the most efficient means to collect, process, analyze

and disseminaﬁé the information. To determine the cultural and
resource informational needs one must understand the coastal zone
éystem includingvthe administrative and management aspects. ESL
undertook a fairly rigorous analysis of requirements during our
first year‘program. This work focused primarily dn the Federal

requirements as presented in the National Oceanic and Atmospheric

‘Administration (NOAA) Rules and Regulations for Plan Development

(ESL Inc., 1975). This year's efforts relate to the specific

needs of the State of Hawaii.

Section 2.1 provides a discussion of the systems
approach to managing Hawaii's Coastal Zone. Section 2.2 loocks N
at the place of remote sensing in the public planning process.
The émphasis here is on the public planning decision-making

process rather. than on the bioclogical or resource aspects of .

—

the CZM §rdgram.‘ Finally, a discussion of various analysis

techniques and resource classification systems is reviewed in

‘Section 2.3.

2.1 Systems Approach to Coastal Zone Planning ahd‘_

Management.

The "systems approach" to understanding and managing
Hawaii's coastal zone is a relatively simple concept, yet an
often misunderstood one. As used here, it is "the process by

which the existing state of the cultural and physical resources
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is compared to the desired state of those resources and, should
the former not be in the long-term of interest of the people of
Hawaii, procedures and controls are instituted to reverse any
deteriorating condition." High technology, such as computers and
remote sensing, is not implicit in this definition; however, their
use can improve the efficiency with which the state of the
resources is measured and evaluated and thereby aiding in
developing procedures and controls to rectify the existing
conditions. | ) -

There are two major components of a coastal zone manage-
ment system: the biophysical subsystem and the resource
management/control subsystem. The biophysical subsystem consists
of the natural geologidal—ecological processes of the Hawaiian
Islands modified by the influence of man in terms of both
utilization and production of resources. All usable resources
are constantly present within the coéstal zone, and their
presence«ié’measured by the most suitable means available.* The
management/controls subsystem compares the existing state of the
resources against the ideal or desired state, the latter being the
long~term objectives and policies of the Hawaiian people with
regard to the coastal environment. It is possible, though unlikely,
that the desired state 6f the biophysical resources is identical
to the existing resource state. More likely, some management
controls (legal, administrative, biophysical) will be necessary
to alter the existing condition in the direction of the preferred

state. ‘ S

-*No-measurément technique is 100% accurate. The measured state
of thé resource is an estimate and any measurement technique (s)
which improve(s) accuracy, timeliness or completeness increase(s)
the effectiveness of the entire system.

N S SN S O e T Oy TS G GE a W B E B W e
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A clearer understanding of the entire process is provided

in the following material which provides a detailed discussion of

. each subsystem and a final integration into a singlé system.

o

The biophysical subsystem is shown in Figure 2-1. The
¢enter block represents the known usable land and natural resource
base of Hawaii's coastal zone. Additions to this base are
continually being discovered; for example,-manganése nodules, new
offshore sand deposits or geothe;mal power. Reduction of the
resource base occurs through use, via natural depletion, e.g.,
soil erosion, and the human c0nsumption e.g., use of sand for
concrete. The output of both of these processes is waste and by-
products which serve as ihput to human production, reuse of scrap
metal, production of benzene as a by-product of gasoline, and
natural replenishment functions. Both the natural replenishment
and human production functidns have a loss component as well as
accretions to the resource base. The oyster industry in Hawaii
is an example of an increase in a reusable resource due to human

-

production (Sparks, 1963).

The resource management and controls subsystem is
concerned with the administrative mechanisms whereby decisions are
made and managerial practices established. Figure 2-2 is a block

diagram of the resource management/controls subsystemn.

The planning and synthesis (decision-making) function
receives input from the public in the form of policies and suggested
directives which help to determine the "preferred state of the

resource system." Input from the resource system model, including
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Ehe existing state, also assists in ascertaining the desired
system stéte. Accurate output of alternative system states from
the resource system model requires accurate and current informa-
tion. The planning and synthesis function determines informa-
tional needsrwhich serve as inputs to the data acquisition .func-
tion. The data is acquired, processed and analyzed resulting in
informatipn regarding the biophysical subsystem which serves as

input to the rescurces system model.

» The resulting "desired system, state" is input to the.
resource management control design and eveluation function. Here
various possible controls are designed to achieve the "desired
system state". These alternative or candidate measures serve as-
input to the resources system model for simulation analysis; and
the "predicted state" of the resource is input to the resource
management control design and evaluation function, which selects
the céhtrols most closely approaching the desired System states.
These controls serve as the input to the control execution func-

tion which carries out the required actions.

These two subsystems are part of a largef coastal zone
management system and .interface as shown in Figure 2-3. The
planning and synthesis (decision making) function dictates the
informational_requirements driving the data acquisition function
which measures the state of the biophysical resources. The
control execution function acts on the biophysical resources to
briné them closer to the desired state or condition. Also
'information from the resources systems model provides direct
input to the human production and consumption functions essential

for economic simulation and development.

A
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There is no implicit requirement to apply advanced
technology in the process outlined ébove. Data acqﬁistion, for
example, could consist exclusively of literature survey and
on-site inspection. Data processing could be nothing more
sophisticated than tfbing of hand written notes. Similarly, the
resource systems model may be one persoh's intuitive knowledge
and understanding of the Hawaiian resources and political
environment.

There is an opportunity to apply advanced technology »
- to this system and increase significantly the efficiency and

responsiveness of the system. Data acquisition through data
analysis and dissemination functions éan be accomplished'in part
with remote sensing, increasing the completeness, accuracy and
timeliness of the measurement c¢ycle. The Resources Inventory
System (automatic mapping) presently under development by the
lUnivefsity of Hawaii Pacific Urban Studies Planning Program

(PUSPP) for CZIM can serve as the basis for a sophisticated resource
‘information system, which couid significantly assist the planners

in choosing between alternative means to achieve CZM policies and

goals.
2.2 Remote Sensing and the Planning Process.

2.2.1 General. - ] : -

-Remote sensing is a relatively simple concept that has
evolved into a hignly complex and . sophisticated technology. The

: , _
more conventional elements of this technology, e.g., low

2-8
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altitude aefial photography, have received widé acceptance as an.
efficieht method of providing biophysical information. However,
the more advanced techniques, e.g., multispectral analysis éhd
'digital processiné, are rapidly gaining acceptance on an
internqtional.pasis. In the context of the Hawaii CZM program
the quéstion is: What can remote éensihg tell us about ‘the -
coastal environment of‘Hawaii?l TOJAddress this questicon puts
the\emphasis on the environmental or resource aspect of the
Hawaii CZM progrém. This approach is not unique, Jondrow (1975f
indicates the remote sensing technology usually addresses the
scientific aspect of a problem--undérsfanding the biophysical
attributes and relationships involved. This important question
was initially addressed by ESL in our first year's report on the

Hawaii's CZM program and is discussed later in this report. .

However, an equally important questiqn, concerns the role of

remote sensing in the planning process. By .planning process

is meant the development of public policy and pﬁblib objectives ~
- with regard to some issue or problem and the implementationﬂof

a method (s) to achieve the objective(s). )

The first problem‘encountered in addressing thé role
of remote sensing to the planning process concerns the completely
different training and perspective of the policy plannér and the
remote§sensing technologists. On numerous occasions during the

past year ESL personnel have been asked the questions:
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® What can you do with remote sensing?

(] What kind of information can you collect?“l

We have almost always replied: '"Define your specific
informational requirements;

® What‘cultural, or resource attributes do you

wish to measure,
e How accurate and how frequently do you need the

e N

information?

We can then define a cost-effective data-collection and analysis

system to respond to these requirements."

To specify precise informational needs requires that
the planner understand clearly public goais and objectiveS'with
respect to land use policies and their impact on the quality of
life; Ideally, the plannér would assess - alternative means to -
achieve the specified goals. This, in turn, would dictate.the
type, accuracy and frequency of information he requires to make
his assessment and would provide the technologist with concrete

requirements. : -

1One attempt to answer these questions was provided in last year's

Final Report, Appendix B, "Remote Sensing Literature Review"”.

This was not an effective means of communication and a remote

sensing seminar was held in March of this year to address this
problem partially. (See Section 3.1.) ‘
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Unfortunately, public goals and objectives with regards
to land use policies and resource allocations are not easy to '
define (Perlman and Ramey 1972). In fact "public goals and
objectives" is a theoretical concept often illusionery in
practice. When the "public" is divided into various special
interest groups and unaligned laymen, the goals and objectives
either become contradictory or disappear completely. The planner
faced with ‘developing public pblicy under these conditions has a

very difficult time defining his informational requirements.

The technologist is often hampered by hisjleck of
experience in perceiving the general context and political
realities of the planning'pfocess. The technologist typicelly
likes to proceed with the definable elements of the problem..
Decisions requiring the concurrence of many organizations and
perhaps the public as well and taking months to resolve. instead
of the one or two days initially scheduled are an anathema to
the technologist.

_ The social scientists, on the other hand, are often
unable to understand the quantitative methods of the technologiet.
In the'case of remote sensing, it may be difficult for the planner
to believe that useful information can be obtained from examining
data (recorded electromagnetic radiation) from 12 miles (U-2) or
500 miles (satellite) from the problem. Further, the interpreta-
tion process (the method by which the abstract EM radiations are
transformed into useful information) is not always understood;
and, in some cases, simply not trusted by the social scientist.

This problem is not unique to the Hawaii CZM effort. It has
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been found to apply in thé transfer of any high technology to
the planning process (Perlman and Ramey 1972, Lionberger\1960),
Per lman and Ramey (1972) describe the above problem as one of |
tdiversity", essentially representing a continuing situatioq 
brought on by the multi-disciplinary makeup of the social
scientists, remote sensing engineers, compﬁter specialists, and

resource analysts which make up the client-consultant team.

The solution to this problem is communication between
the technologists and the planners. This would, of necessity,
involve iterative interaction whereby ideas could be exchanged,
and viewpoints, concerns and doubts expressed.

' Those elements of the coastal zone system (see Figure 2-3)
applicable to remote sensing and planning are the decision making
functions (planning and synthesis) énd the data acquisition '
through analysis and dissemination functions.\ Planning deri?es j
the required information, accuracy and precision levels. The
raw data is acquired, processed and analyzed resulting in informa-
_tion which is then used in decision making. The problem, when
dealing with advanced technélogy is that many' individuals with
Adifferent background and viewpoints perform the various functions.
If they each operate independently with minimum comhunicatioh and
in?eraction, the process breaks dowh; and the advanced technology
is usually hot employed by>the planning agency.

To circumvent this problem, ESL has recommended a CZIM
informational cléariﬁg house or data facility. This facility
will serve to integrate the planning, acquisition, and analysis

~

{
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-elements of the system; and. also incorporate the resource system.

model (CZM Information System) to support internal as‘wel; as
external (Public participation) informational needs. Further
discussion of the recommended CZM data facility is discussed

in Section 4.

1

2.2.2 - . Review of Recent Results. 7 .

This section pfovides a brief review of some of the
current -studies in planning and remote-sensing.

The success of a plaﬁning agency which employs remote
sensing techniques successfully is very much iﬁfluencgd by the
nature of the planning agency involved. Goehring and McKnight
(1972) have stﬁdied two different planning agencies in the greater
Los Angeles, California, area with specific emphasis on .their use
of remote sensing. A brief review of some of their-findings is
appropriaté to the use of remote sensing by DPED for the CZM‘
program. '

The Community Analysis Bureau (CAB) is a separate unit

- of the Los Angeles city government established in 1967 to prepare

a city-wide program to correct existing urban blight and deter -
future blight and obsolescence. The Régional Planning Commission
(RPC) was established in 1923 to administer a zoning ordinance

and perform needed studiés. However, due to the rapid growth of

" the Los Angeles metropolitan area, coupled with the state-of-the-

art of city planning in the 1920s (Perloff, 1957), RPC established

and administered zoning cocdes as a means to develop sound land
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use patterns (Goehring and McKnight, 1972). Physical planning,
emphasizing transportation networks and zoning code administra-
tion were the primary functions of RPC. Thus the RPC became the
land use regulator while theyland developer and the assessor
perfdrmed the land planning of the county (Goehring and McKnight,
(1972). Goehring and McKnight/(l972) further state "over the years
RPC planners have tried to‘integrate.'physical' (traditional) with
'social' (master) planning, but few have had major success. Code
administration still comprises a large share of planning work,

particularly in recently growing areas..."

.The differing success of the two agencies emphasize both
the need to define clear cut objectives and the need for the
planning agenc§ to incorporatevnew technologies in the planning
process.

The CAB has employed a systems approach to planning and
is develbping a comprehensive information storage and retrieval
system dsing a variety of input data including that derived from
an analyéis of remote sensing data. The objective is clear;’
"correct existing blight and deter future blight and obsolescence".
- Large scale (1:10,000) color infrared imagery was collécted and
analyzed; and positive results were achieved in identifjing and

delineaﬁing urban blight area (Goehring and McKnight, 1972).

' As a result, remote techniques are being fully integrated
into the planning function; and sufficient funding has been allocated
to obtain the required data, equipment, personnel, and contract

support. Goehring and McKnight (1972) state:

‘
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" The system is considered highly successful.
It has satisfied HUD to the extent that the ~
grant is annually rénewed and that the Bureau's
system of management procedures and approaches
is being recommended for adoption. Numerous
other varied reports on functions and areas
have also been prepared for city departments
and other public agencies. Remote sensing
reports have been produced at a high level of
detail for small areas to help assign FACE
(Federally Assisted Code Enforcement) funds.
Other reports, for larger areas, have been
prepared for city councilmen and for planning
studies of the City Planning Department. "

The RPC, on the other hand, used remote sensing data
(almost exclusively black and white photographs) on an inter-
mittent and ad hoc baéis for many years (Goehring and McKnight
1972). 1Individual studies concerning land-use analysis of
selected areas for special purpose agricultural studies did employ
the use of remote sensing data. These were interspersed with
similar studies and programs using traditional ground survey
techniques. There was no mechanism to systemize the planning,
acquisition analysis, and decision-making process; and ihe use
of remote sensing was 1eft to the individual supervisor to deter-
mine. Goehring and McKnight (1972) report that the use was often
based upon free data. In other words, the aerial photographs
were often collected for another purpose. This can sometimes
prove beneficial -and save money, but can also result(in marginal
or totally unacceptable data for the purpose at hand.

Hill-Rowley, et.al. (1975) have found remote sensing
to benefit the planning and resource decision making process in

two ways: (1) first generation direct action and (2) second
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generation or indirect delayed action applications. An example
of (1) for Hawaii would bé isolation and study of a specific

" problem such aé'beach erosion at a given location. The problem
can be identified, an analysis method eétablished, and results
obtained within a few months. An examplé‘of (2) would be
systemaﬁic and continuing inventory'of various resource features
which, when studied over time, aid trend analyses by managing
agencies. '

) Hill-Rowley, et. al. (1975) discuss seven case‘studies
to illustrate the many contrasts which can be drawn between first
and second generation application studies. These include:

(1) multi-agency river basin planning; (2) corridor assessment
and route location for highway locétion together with improvement
of county-level planning decisions; (3)'improving—1imber management
prdctices;r(A) enforcement of new state statutes; (5) county-wide
open space preservation; (6) land value reappraisal relative to
property .tax equalization; and (7) opfimizing agri-business
processing plant locations.

Hessling (1975) reports significant cost savings inAthe
preparation of laﬁd‘use maps from satellite imagery in responée
to water quality planning as requiréd by the Environmental Protec-
tion Agencies Federal Water Pollution Control Act of 1972
{PL 92-500). "Hessling (1975) reports considerable success but
underscores the importance of communication and close working
relationships between the planner and researcher as illustrated by

the following quote. -
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" The OKI  (Ohio-Kentucky-Indiana Regional Council
of Governments) project has“clearly shown an
important practical application of LANDSAT data.
Indications are that our success has already
encouraged several of the other existing and
" potential water guality planning agencies to
consider the use of IANDSAT generated data.
Furthermore, the planning applications need not
be limited to water quality analysis. As the
interpretative process becomes more sophisticated
- and as planners become more aware of the potential
- uses of such data, the scope of its use will
' undoubtedly expand to include other. environmental
planning activities. For example, satellite
imagery may be the best way to monitor suburbani-
zation or land absorption.  The extent to which
satellite imagery and related services will be
- used for regional planning in the future may
depend upon improved communications and the
establishment of a closer working relationship

l _ - between the users and the researchers. "

Jondrow (l975)"alsokreports success in transferrinq
remoté sensing technology to state agency decision making
processes, but underscores the importance of communication between
the pianning data acquisition, processing and analysis functions.
A remote sensing data center is also éeen as a Vehicle to

facilitate the communication requirément.

2.3 '~ Analysis Technigques.

2.3.1 General.

To support DPED's .inventory and information gathering
needs, ESL has investigated several classification systems and

- analysis techniques to optimize the environmental data collection

~
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and processing and analysis functions of the CZM system.* The

goal is to integrate various data sources and analysis techniques
into a cost-effective information gathering process. Considerable
effort was directed at developing a useful resource classification
system. The findings of this effort are presented under Section 3,
Inventories, to provide cqntinuity and readability of ESL inventory
efforts and resulting output products. This section provides a .
discussion of various image analysié/techniques’both of proven and

potential value to the CZM program.

Field observations, low altitude panchromatic photographs,

high altitude color, and color infrared photographs, and LANDSAT -

satellite data were investigated during the second year. "This
combination of data sources resulted in a multilevel data

collection approach shown to be useful in other projects.

*NOAA's Coastal Zone Management Program, Development Grants,
305 Guidelines, Subpart C, Section 920.20(a) states:

"(a) It is clear that the process of developing (and
operating) a management program for the coastal zone will
necessarily involve frequent access to informational and
research sources. In many cases, adequate understanding of
questions such as dune stabilization, barrier beach dynamics,
salt marsh productivity and estuarine circulation and flushing,
to mention only a few, will be needed in order to develop
successful management programs. Also, the process of
inventorying and mapping the nature of a State's zone, and
designation of areas of particular concern almost certainly
will benefit from the application of technologies such as
those employing remote sensing."
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Traditional photo interpretation techniques were
applied to low altitude black and white and high>altitude color

and color infrared photbgraphs. The interpreter-scientist relates

the size, shape, tone, texture, shadow pattern and location of

the various objects and backgrounds as portrayed in the imagery

to the necessary resource or cultural information; (e.g., land use,
vegetation, sedimentation source, soil erosion, marine habitat).

Inference, convergence of evidence, is also a powerful technique

in derivihg information from photographs. These techniques taken

in aggregate were-found useful in providing much of the required

resource information. The reader desiring detailed methodology
of the interpretation process should consult any one of several -

standard references; e.g., American Society of Photogrammetry,
1960, 1975.

Moreover, additive color analysis was employed for
greater water’penetration,capabilities; and digital processing of
LANDSAT imagery was investigated to determine its usefulness to

the CZIM program.

2.3.2 Water Penetration Analysis.

i Much of Hawaii's resource lies below the sea. To locate,
inventory and study these resources is a difficult task. Field
teams require SCUBA divers, boats and expensive equipment;
operation schedules are dependent on the wéather. Therefore,
work is tedious and progress slow. When applied to subsurface

marine resources, remote sensing technology is confronted
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- with its own set of ﬁroblems. Much information can presently be

gained through this techﬂology, and ongoing studies are expected

to resolve many of the problems and improve the results.

2.3.2.1 Discussion.

e,

Near infrared (IR) energy is Quickly absorbed by water
resulting in very small amounts of IR light in water below<éne,
meter'(see Figure 2-4). IR bhotographs of deep water result in a
black, devoid of light, image. Thus IR film, Kodak 2443 and
S0-127, furnishes very little data on subsurface phenomena-below
3 to 4 meters;* .True color films (S0-242 and 397) offer better
subsurface observation because they record energy in the b}ue and
green light bands which can, under ideal conditions, penetrate
through 200 meters of sea water (Ross, 1974).

Photography of the ocean floor depends on (1) spectral

transmission characteristics and the water, (2) spectral character-

istics of the substrate, and (3) sensitivity of recordiné media.

*Coldr infrared films (2443, S0-127) are sensitive to the ultra-

violet, visible, and near infrared portion of the electromagnetic

spectrum. In practice, however, these films are usually flown
with a Wratten 12 filter which eliminates all energy having a
wavelength shorter -than 510 nm. This still leaves the green and
red portions of the visible spectrum (510-700 nm) and some water
penetration is possible in this spectral region. Beyond 700 um
water penetration is very low. .

l

, .
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(1) épeétral transmission characteristics of the water:
Particles suspended in the water column creating a turbid or
cloudy medium will scatter or absorb light. The more light
energy lost, the less will penetrate to reflect off the bottom.
Light rays must pass through the atmosphere and the water column
twice; once, down from the light source, the sun; then, back up
to the recording sensor, or camera. 1In addition, the sea surface,
roughed by action of the wind, scatters light. Waves and swell
of all periods down to the smallest capillary waves combine to
refract and reflect light rays into continually changing direc-
tions and even to focus small bundles of rays. Bubbles and spume
at the surface scatter the light even further. This entire.
phenomenon is further complicated by the combination of sun angle
" and camera angle relative to the water's surface {(Jerlov, N.G.
and E.S. Nielsen, 1974). The physical properties of the light
waves will also react in the water adding'another calibration

parameter which must be considered.

'(2) Spectral characteristics of the substrata: The
image obtained by the camera system presents a color contrast
image of what was focused upon. Thus the substrate or ocean
bottom should have some contrast in order to produce a useful
image. For example, dark coral with white sand channels will
present excellent contrast and therefore a high-quality’image.

An all white sand bottom will present a continucus light shaded image.

HZO penetration tests presently focus on individual -
substrate parameters, i.e., red cofal, black lava, or green
vegetation. This enables the investigative sensors to be set

up to optimize data collection for that particular parameter.
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(3) Sensitivity of the recording media} This refers to
the capabilities of the sensor (camera, scanner, etc.), film type,
filter combination, platform and recording devices. Remote
sensing was origiﬁally designed for terrestrial observation; In
the -past 5-10 years, the use of cameras for subsurface data
collection has come under extensive research and development. The
primary study area is filter combination in ordef to take optimal
advantage of the\individual properties of-light bands in the

seawater environment.

‘In the course of our photographic interpretation and
analysis of the Hawaii test site areas, ESL has attempted to
improve upon conventional-methods for enhancement of information

output relative to the ocean's substrate.

One technique employed was using an International
Imaging Systems additive color enhancement device. An aerial
color transparency (S0-242 film type) of Kaneohe Bay was chosen
as a test site. A 70mm x 70mm area including a portion of the
barrier reef, patch coral, deep channel, dredged coral, and sand

streaks was chosen. First, the color positive transparency was

rephotographed, breaking down the image into three black and

white negatives, each negative representing a different color band
of the original photograph. A #25 red filter gave the red band
image negative; a #47B blue filter, the blue image negative; and

a #58 green filter, the green image negative. Each negative was
provided with a 'step wedge' ensuring calibration and equal
negative density. The light which passes through or is Filtered
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from said negatives is due.to color differences in the scene, not

photographic development processing. Figure 2-5A illustrates two

correctly calibrated negatives; allowing a cbmposite image to
depict actual color differences, not differences caused bygthe
density of one or the othér negatives. Figure 2-5B depicts
improperly calibrated negatives which allow, with the same log

© exposure, (admission of light), a greater amount of red light to
pass through the red negative than blue light. to pass'through
the blue negative. The resulting image erroneously dis?lays
more red than it should becauée of photographic processing.

This is called color crossover. Thus, step one in this inter-

pretative technique is proper calibration of negatives. -

.

¢
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These curves plot the density of the photo negative

against the log exposure or exposure to. light. The curves

indicate the compatibility of individual (blue, green, red)
spectral bands negative density relative to the photographic

.development process.
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The three negatives, representing the three primary
colors blué, green, and red, are inserted into the additive»polor
enhancer. A composite image is displayed and can be enhanced to
optimize key resource readout. The composite image can be formed
with all or any of the negatives and the light intensity on each
negative can be varied. Figure 2-6 shows four images from several
dozen photographed off the machine's image presentation screen.
Figure 2-6A shows an image formed from all three negatives at
equal light intensity. The result is a true color picture similar
to the original photograph. Figure 2-6B is a composite formed by
the green negative/light intensity 9 and the blue negatiVe/light

intensity 3.5. This combination eliminates the red light and
focuses primarily on the green, Iﬁ figure 2-6C the green negative
light intensity 9-and the red negative-iight intensity 9-eliminates
the blue Iight and .focuses on contrast enhancement between deep
and shallow objects. Figure 2-6D combines the blue negative-light
intensity 9-and the green negative-light intensity 9. .The blue-
green combination should provide maximum depth penetration.

Reduced energy attenuation will permit the light energy to reach:
and illuminate, the deeper ocean substrate and allow the reflected
image to be transcribed on the recording sensor.

It is difficult to determine the best film/filter
combinations without identifying a specific purpose. Each’
combination will enhance the image for a particular spectral
'response. Thus, a composite picture should be closely examined
relative to a specific task. Recommended reading is D. S. Ross'
Experiments inm Oceanographic Aerospace Photography; Some Films

and Techniques for TImproved Ocean Image Recording, (1974).

*
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Figure 2-6.

Photographs Enhanced by Color Additive Process
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A second technique examined was photographic analysis
.via a color densitometer. This device picks up very minor shifts
'in film density which would represent minor shifts in color
.contrast, an indication of substrate difference. Again, the
machine breaks down the color bands presenting density readings\
for each band. Table 2-1 shows readings taken from the same
photographic transparency of Kaneohe Bay used in the previous

study.

Comparison of the densitometer readings from the various

substrate tYpes gives an indication of density difference by

color band. For example, shallow water sand and shallow water
terrestrial sedimentation have similar readings in the green and
red bands. The blue band, however, shows a significant separation
(1.55 vs. 1.98) indicating that a blue filter/film combination
‘would be optimal for comparison studies of these two substrates.
Similar readings in all bands indicate substrate contrast
differentiation for the two categorles, natural substrate, deep
water and dredged coral reef. This kind of data will indicate,

in time, the extent to which various caﬁegories can be distinguished,
the band combinatiqn providing this data, and the film/filter
_combinationsvwhich will optimize future data collection efforts

in specific areas.

2-28
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Table 2-1.

Kaneohe Bay

MacBeth TD-504 Color Densitometer Readihgs
From Positive Color Transparency of

Filtered

_Densitometer Readings*
Substrate Description Blue Green Red
Submerged coral reef 1.57 | 5.79 6.03
Dredged coral reef 1.22 | s5.61 5.97
Natural substrate-deep water 1.20 5.60 5.96
Submerged reef; terrestrial sediment 1.81 5.90 6.07
Dredgea reef; terrestrial sediment 1.40 5.75 6.06
Shallow coral 1.35 | 5.77 6.07
Shallow sand 1.55 .5.94 6.10
Sand bar 2.59 6.42 6.30
Deep water 0.54 5.39 5.48
Shallow water, terrestrial sediment 1.98 5.96 6.07
‘Above:surface island 2,09 6.00 6.06

*The numerical reading is relative only to other readings.
2=29
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The use of thermal scanning devices is also being
studied for water analysis. This R&D is being done outside the
auspices of Hawaii's CZM program; but, since the results may be of
value to that program,'its-progress is being monitored. The Bering
Sea Marine Mammal Experiment (BESMEX) is studying the life history
and distribution of marine mammals in the Berlng Sea by recording
temperature differences between the warm blooded walrus hauled out
on»the ice floe and the cooler background of its environment.
‘Another experiment is a soil moisture study which correlates the

presence of water in the soil with soil surface temperature.‘

The results of these studies, since they relate to no
,specific task and are still in a research mode, have been examined
with future collection and analysis techniques in mind. The
'prlmary purpose is to establish an awareness by the: ultimate .
user, the planner and manager, of the pOSSlbllltleS, alternatives
and opportunities open to the technical sc1entlst in obtaining

data and extracting information.

2.3.3 Analysis of LANDSAT Data.*

The National Aeronautics and Space Administration LANDSAT
satellite presently obtains coverage of large portions of the
earth on a repetitive 1l8-day cycle. The data is available at
low cost through the U. S. Department of the Interior EROS Data
Center in Sioux Falls, South Dakota. Because of the ready
availability of this data at low cost and the 18-day repetitive

*See Appendix D for LANDSAT coverage over Hawaii through
22 July 1976.
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cycle, * it has the potentlal to make a 51gn1flcant contribution to
a multi-source (satellite, alrcraft, ground) 1nventory and
monitoring pregram. ‘Mr.'Ed Petteys of the Hawaii State DlViSiOn
of Forestry has been studying the use of LANDSAT imagery and '
digital proce331ng relative to the Hawaiian Ohia forest decllne
problem. He presented an excellent progress paper on thls topic
at the D;P.E.D. Remote Sensing seminar held in Hawaii last April

(reference 4.2 this report). As part of the methodology develop-

ment task, ESL undertook a preliminary sﬁudy to determine the
utility of the data source to prov1de useful information to the

Hawaii CZM program.**

2.3.3.1 Analysis Approach.

Because of the small scale.(l:l,OO0,000) of standard

hardcopy LANDSAT data and the poor resolution of the human eye

(approximately 7 line pairs/mm), traditional photo interpretation

of LANDSAT data is not particularly effective. The inherent
information content of the LANDSAT data simply cannot be extracted
using these techniques. Recent advances in digital software and
hardware for earth resource applications, coupled with the fact _
that LANDSAT data is initially in digital format,‘strongly suggest
a digital prdcessihg approach to LANDSAT analysis. |

* With LANDSAT 1 and 2 the repetitive cycle is now 9 days.

**This portion of ESL's report is the most technical of all. It
involves a description of data gathered via space vehicle and
processed through an advanced computer complex. It is difficult
for the layman to understand, but it is even more difficult for
the scientist to explain in other than the approprlate technical
language. The process holds great promise but requires a real
commitment in effort and understandlng to deliver-as many hope
it will deliver.
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Digital processing itself has many degrees of sophis—
tication. Image enhancement techniques such as density slicing,
contrast stretching and spectral ratioing have” shown considerable
_promise. Essentialiy, the original image. is enhanced or modified
to bring out subtle features not easily observed in the orlglnal
In all cases the final image is then further interpreted by
trained analysts using traditional techniques. The full dynamic
range of signél intensities can be displayed and the data
magnified so that individual resolution or picture elements
(pixels) are readily observed. Thus) the inherent information

content of the data can be realized to a greater extent.

Another class of digital proéessing'routines,subjects
each pixel to a decision rule which classifies the pixel into
one of several predetermined classes. The computer automatically
classifies every pixel, thus freeing the interpreter from much of
- the delineation aspects’of the interpretation process and allows
him to concentrate on establishing the significance of what is
presented.

The second type of processing has generally been found
to have value for most resource applications and also lends itself
to quantitative analysis. ESL's study, therefore,‘concentrated

on digital classification techniques.

2.3.3.2 Test Site Location.

- The Kohala-Kamakua Coast on the Island of Hawaii from

Kawaihae to immédiately south of Kiholo Bay and extending

approximately ten (10) miles inland was used as a test site. This

2-32
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2.3.3.2 -— Continued.

coincides with the Kona test site of the first year. 1In April
and May of 1975, an ESL field reconnaissance team, including
remote sensing analysts and resource specialists, accompanied by
several lbgal specialists, obtained ground truth information ‘in *

\this»area” This field data aided in the interpretation of U-2

color infrared photocgraphs at scales of 1:65,000 and 1:130,000.

A detailed interpretation of these photographs for the Hawaiian
Coastal Zone Management (CzZM) program was accompliéhed by ESL
during the first year's CzM program;\énd the resulting land use,
vegetation, marine and transportatibn maps (1:24,090 scale) are
available from the Department of Planning and Economic Development.
The classification system employed in that effort (see Table 2-2)
was used in this study to evaluate the utility of LANDSAT data

for inventory applications in Hawaii.

‘The*LANDSAT digital image used ih this study was obtained
on 1l February 1973. The scene identification number is 1203-20182
and covers the entire Island of Hawaii. The areal coverage of
this scene is approximately 100 by 100 nautical miles and contains
7,581,600 digital units (pixels). However, the test area chosen -
was 450 by 512 pixels and compriSes approximately 1/33 of the
entire scene. Each pixel represents app}oximately i.l acres of

coverage on the ground, in this case 253,440 acres.

2.3.3.3 Analysis Procedures.

An ESL HP3000 minicomputer and the Interactive Digital
Image Manipuiation System {IDIMS) software programs were utilized
in this study. A computer-compatible tape (CCT) was obtained



Classification System - Kona Test Site, Hawaii1 -

Table 2-2.
CZM Map
Symbol Category
Al - Dense Ohia Forest
A2 Open Ohia Forest
B2 Open Mixed Forest (Ohia)
B3 Open Mixed Forest (Lama)
C Silk Oak/Jacaranda
D1 Dense Kiawe :
D2 Open Kiawe,
El Fountain Grass/Kiawe
E2 Fountain Grass/Open Mixed Forest
E3 Fountain Grass/Upland Shrub
E4 Fountain Grass '
F Feathery Pennisetum
Gl Upland Shrub/Grass
G2 Mixed Shrub/Grass
H Improved Pasture
J Unimproved Pasture
K Eucalyptus ‘
M Lava/Sparse Vegetation
N Bare Lava
O* Coconut Palm Grove
p* Residential
R1* Recreational - Park
. R2 Recreational - Golf Course
- R3* Recreational - White Sand Beach
S* Industrial ) ‘
T1* Commercial - Business and Services
T2% Commercial - Resort/Hotel
U* Marina/Harbor
v Dredge Fill/Extractive
W* Fish Pond/Lagoon
X1* Mixed Sand Area
X2% Mixed Shoreline
Y* Airport

i1

*Not included in LANDSAT Training Site selection due to insuffi-

cient sample size within the test area.

1

For a detailed description of the above categories see Haqwait
Coastal Zone Management Plan Development:
Remote Sensing and Computer Systems, ESL Incorporated, June 1975.

The Application of

i

\
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from the EROS Data Center to allow IDIMS program manlpulatlon of

the data and appllcatlon of various program functlons.

Once the data was enteréd into'the“computer, the test
site was selected. and viewed on a 'high resolution COMTAL color
monltor dlsplay A total of 512 by 512 plxels can be Vlewed at
one tlme in a SLngle dlsplay 1mage on this dev1ce The entire
test 51te or any "desired portlon can be dlsplayed and the scale
may be enlarged to fac111tate visual interpretation. A total of
127 possible gray levels which contribute to the digital'image
are expanded to 256 and can be displayed with various color
assignmentsvcreating a pseudo—colbr display image. A trackball
type cursor is utilized to‘alﬁer gray scale or color combinations,

thereby ‘enhancing categories of particular interest, or changing

the representative color of each classified phenomenon displayed.

Using the IDIMS trackball cursor) irregular polygonal
"training" areas representing the classes shown in Table 2-2 were
input into the system within the displayed test area.as‘shown in

Figure 2-7.

Those items in Table 2-2 indicated by an asterisk‘(*)
were not included in the superv1sed tralnlng selectlon due to
insufficient sample size w1th1n the. test area. Flfty—nlne
training sets representing 22.¢lass categorles were delineated
and examined individually;‘at,enlarged”5caleé,"in’Qrder tof

determine the positional accuracy of the sample site ‘selection.
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2.3.3.3 -= Continued.

t

Each training ared was processed by a clustering algorithm
which breaks up each input training area into its natural reflec-

-tance groups or clusters. The output product of -the clustering

algorithm and a statistical processing program is a list of the
identified clusters, a symbol for use by line printer, the number
of)pixels in each cluster, the mean response value (0—127).for

each band or channel of the LANDSAT scéne, the corresponding-means‘

standard deviations, distance between clusters, and covariance

‘matrix. An example of this is shown in Table 2-3 for fountain

grass/Kiawe.

"The size of the training area‘raﬁgesifromJapproximately
15 acres‘to several hundred acres. When emplqying a supervised
training exercise, thg goél igs to input training areas which
represeht homogeneous classes. In practice, however, some °
variation exists; and the clustering will bring out -these
differences. In many cases, different objects will be included

in a training area; for example, small patches of vegetation in

-a lava field, or ranch houses and buildings in an improved pasture.

The clusters representing these objects must be deleted from the
iﬂput training class and reassigned to others or a new class
designated. For this particular study, the 22 input classes were
initially represented by 68 gray level clusters prior to detailed
examination and redesignation of clusters to appropriate classes.
The entire test area was then classified by the maximum likelihood
decision rule usihg the statistics for each band generated by the
training samples. ‘The result is that each pixel in the scene is
assigﬁed to a particular cluster group. These cluster groups

"are then further combined to form a spectrally distinct class,



Example of Statistical Analysis for
Fountain Grass/Kiawe Category Test
Sample ,

Table 2-3.

ESL IMAGE PROCESSING LABORATORY
El SIGMA = 2.0 ' '

TOTAL NUMBER OF POINTS = 83
CLUSTER | = SYMBOL POINTS IN CLUSTER
1 1 15
2 2 44
3 3 10
4 4 14
MEANS
CLUSTER CH( 1) CH( 2) CH(.3) CH( 4)
1 30.93 24.73 31.93 29.87
2 29.05 24.11 23.70 18.64
3 23.70 16.50 13.60 10.40
4 30.21 25,29 29.00 25.43
STANDARD DEVIATIONS |
CLUSTER CH( 1) CH( 2) CH( 3) CH( 4)
1 2.59 2.32 1.98 1.71
2 1.31 1.40 1.90 . 1.69
3 1.27 1.43 2.50 3.32
4 2.01 1.98. 1.46 2.19
DISTANCES BETWEEN CLUSTERS
CLUSTER 1 2 3 4
1 .00 |
2 7.92 .00
3 13.08 8.92 .00
4 2.90 4.85 11.82 .00

\
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which in turn establishes a classification system for the area.

.Each class should ﬁltimately represent a significantly valuable'

and distinct category to the intended user; for exampie, commercial
timberland, improved pasture, recreational areas, and so forth.
At this point, the level of detail becomes important. A classi-
fication(systeﬁ that is too general may be of little value for
planning or management‘purposes, whereas arhighly detailedv
classification scheme may become too cumbersome or mapped with
insufficient accuracy, therefore limiting its usefulnessx

When the classification process was complete, an
algorithm was used to estimate the category conditional probability
distribution from which the decision rule is constructed; A line
printer map was then created which indicated the probability of

correct assignment for each pixel relative to its classification

- group on the basis of 0 . (poor) to 9 (excellent). This map was

used to test the reliability of the interpreted categories, but
was not examined extensively on this project due to time
constraints. This remains an important area for additional,

future study.

The classification results or output image of the

.maximum likelihood run were initially obtained on a line‘printer

map.geometrically corrected and registered to the 1:24,000 scale
USGS quadrangle maps, then compared to the previous completed
1:24,000 scale maps derived through field reconnaissance ahd

U-2 photographs. ]

~
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To facilitate the comparison of the line printer map
and comparison‘of spectrally similar classes, multiple line
printer maps were created,'each.containing,only two or three
classes, all other pixel elements reading as blank spaces.
Whole classes or individual clusters within a class were then
reassigned to improve the accuracy. of the output with. some loss
of precisibn. - As a result, the 22 input classes were reduced
to a final figure of 14 interpreted class-categories (see

Table 2-4).

The classified image is then redisplayed on the COMTAL
color videc screen and each of the 14 class categories (see
Table 2-4) are assigned a distinct color. The image is now an

";nterpreted" display or map rather than the initial LANDSAT

multiband image which represents only raw uninterpreted reflectance

" data. Finally, the classified image is run through a smoothing
routine, which provideé an image oﬁtput depictinq more homogeneous
blocks of individual category types. Figure 2-8 representé the
final image output of the 14 class categories with their respective
color assignments as displayed on the COMTAL color monitor.

2.3.3.4 Results and Conclusions.

The use of land use inventory categories generated by the
intepretation of U-2 photographs over this test site provided a
rigid test of LANDSAT interpreted capabilities. Working under the
assumption that the U=-2 provides more detailed’ information about a
given area than can be extracted from a LANDSAT image, the classi-
fied outpﬁt categories were examined against U-2 data. Those
categories found in Table 2-2 but not found in Table 2-4 were




Table 2-4. Final 14 Category LANDSAT Classification Code

# Pixels

Category Cluster No. ‘Color % Site
1. Shallow Water 1,2 LIGHT BLUE 9948 4,317
2. Deep Water 3 BLUE 24695 10.718
3. Bare lLava 4,5,6,37 BLACK 13265 5.758
4. Shrub Types 7,8,43,44 DARK BLUE 11383 4.941

a. Lowland Mixed Shrub :
b. Fountain Grass/
Upland Shrub )
5. Open Kiawe . 9,13,14,15,16, RED 40531 17.590
a. Feathery Pennisetum/ 21, 22, 23, 24, '
© Kiawe 51, 52, 53 '
b. Open Kiawe '
¢. Fountain Grass
d. Fountain Grass/Open
" Mixed Forest (includes
Kiawe)
6. Dense Kiawe 10,11,12 YELLOW 2850 1.237
7. Improved Pasture/ 17,25,26,27,28 GREEN 6878 2.985
‘Golf Course -
8. Mixed Grass/Shrub 18,39,40,41,45, DARK GREEN. 47397 20.571
Open Mixed Grasses/ 46,47,62,63,64, ' '
Unimproved Pasture- 65,66,67,68 ;
9. Dredge/Coral Fill 19,20 SAND 941 .408
10. Silk Oak/Jacaranda 29,30 PURPLE 1917 .832
11. Clouds/Cloud Shadow 21,32,33,34,35, WHITE 23950 10.394
36,38
12. Ohia Forest Types 42,54,56 BROWN 23046 110.003
a. Dense Ohia :
b. Open Ohio Forest
¢. Ohio/Koa Forest .
13. Lava/Sparse Vegetation 49,50 AQUA 12764 5.540°
14. a. Open Mixed Forest 48,55,57,58,59 PEACH 10835 4.701
b. Eucalyptus 60,61
230,400 100.000
i
2--41
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2.3.3.4 -- Continued.

either too small in areal extent to be discernible by LANDSAT or
too coﬁplicateg in physical composition tc be classified as a
distinct interpretive categofy, based on the analysis techniques
employed by this study. The result is that the LANDSAT land use/
inventory capabilities are tested to a rigid extreme by applying
a classification scheme which is compriéed of significantly more
detailed categories than the satellite scanning system can be
expected to_discerﬁ.

In general, the final LANDSAT output was accurate with
few exceptions, in terms of those phenomena actually contained _
within the test site and their spatial distribution. On a broad

" scale, those phenomena which actually occur in the lowland portiocn

of the test site did categorize properly. This was also true for
upland (higher elevation) class phenomena; although to a lesser
degree (Table 2-5) rates the accuracy of the various classes
selected showing which can stand alone within probable CZM

standards and which require further classification processing.

Within this test site, as one proceeds from the coast
inland to the higher elevations, the physical characteristics or
makeup of the land changes dramatically and becomes more complex.
The upland area is characterized by numerous physical categories
ranging from unimproved pasture areas to complex forest stands.
This portion of the test site was much harder to categorize
accurately because of this complexity. For example, forest
stands ranged from pure Ohia and Ohia-Koa stands to Open Mixed
Fdrest areas. The general mapping and delineation of the combined

forest types were good. The spectral signature of each specific



4

14.

Eucalyptus

Table 2-5. Evaluation of LANDSAT Classification Results
Category \ Ability to Classify/Remarks
1. Shallow water Excellent
2. Deep Water Excellent
3. Bare Lava Excellent
4, Shrub Types:
Lowland Mixed ’
Shrub - Good =~ Some confu51on
Fountain Grass/
' Upland Shrub Poor - better sample data needed
5. Kiawe Types:
Feathery Penni-
setum/Kiawe Excellent.
Open Kiawe Excellent
Fountain Grass Excellent
Fountain Grass/
Open Mixed o
Forest (1ncludes
Kiawe), Fair - requires very pre01se clustering -
procedure
6. Dense Kiawe Excellent
|7. Improved Pasture/
Residential - ,
Golf Courses Good - could not separate improved
) pastures from golf courses based on -
: spectral signatures alone
8. Mixed Grass/Shrub ‘
Open Mixed Grasses/ N
Unimproved Pasture |Good - very mixed category
9. ‘Dredge Coral Fill Good - terms of application must be
: better defined R
10.” silk Oak/Jacaranda Fair - boundary determination errors
11. Clouds Good ~ slight confusion with sun glint
Cloud Shadow Good - some confusion with dark lava
12, Ohia Forest Types: o
Dense Ohia | Good ~ slight confu51on with Ohla/Koa
~ category
Open Ohia Forest Fair - some confusicn with Dense Ohia
: _ category
Ohia/Koa Forest Fair - some confusion w1th Dense Ohia
’ category
13. Lava/Sparse Vege- / ‘
tation Excellent
Open Mixed Forest Poor - requires more precise clustering

within this category
Fair - areas too small and scattered to

be distinct

2-44

. 3



A

. 1

~

2.3.3.4 -- Continued,

- type was not always distinct due to gradients of the various

forest types. For example, as one distinct tree category blends:

into another, a "gray" area. in terms of cover classification may

occur, resulting in a confused output boundary between the two

phenomena. This type of problem is also found using traditional

photo interpretation techniques and even with field observations.

Within polygons classified ae_mixed forest areas, some
confusion occurred in the class1fy1ng process owing to the varylng\
pericentages of individual tree types within the mixed forest
area. For example, one area may contain as few as 10% kiawe
trees while another area may contain as many as 40% kiawe trees,
which result in sllghtly dlfferent spectral signatures. (Both
areas should be classified as mixed forest, however.) This
dif ference necessitates either the use of ancillary data sources
(e.g., U-2 photography, field notes) to resolve data conflicts or
a change in the classification scheme to reflect density changes.
- One problem area, known as image'"banding,"‘was
espe01ally apparent in the ocean area near Kiholo Bay In image

banding, a line of horizontally (left to right) erroneous pixels

is created during the original generation of the image. There is

no precise way to recapture true reflectance Values for these
pixels, however, several methods. for improvement exist. The first
is to isolate and analyze the areas of banding and prooees the
plxels through one of several routines to replace the erroneously
classified plxels with category a531gnments based on a spectral

averaging of surrounding pixels. Althcugh this procedure is

‘practical, it is not the most accurate. Withrextensive banding,)
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a second solution is to replace erroneous data with substitute
pixel data over the same area from another LANDSAT image. A third
approéch consists of deleting the erroneous data pixels and
analyzing the voids with other data sources (e.g., low altitude
photographs). The optimum method would depend upon the precise

purpose of the inventory and the ultimate user requirements.

Classification of two spectrally similar bu£ terres-
trially different features of the same phenomenon was a second
probkblem enéountered. One example of this occurred in the output
products generated by this study effort.. Cloud shadow was defined
“and delinéated as.a specﬁrally discrete phenomenon in the classi-
fication procedure. Bare exposed lava flows were also classified
as a diétinct and separate interpretive category. However,
individual lava flows are spectrally quite different from one
another and thus this category comprised a number of gray levels
or clusters, all of which represenﬁed bare exposed ‘lava. One
lava flow cluster signature exhibited a very dark spectral response
which, on the basis of initial classification procedures, was
classified as cloud shadow. It is expecfed_that increased
samples to a tighter or more precise clustering of cloud shadow

and lava will help to separate these items.

2.3.3.5 Recommendations.

LANDSAT has found considerable acceptance in the
continental U.S.A. and there is an increasing awareness on the
part of resource and planning agencies of its advantages and

limitations. ESL is presently involved in extensive use of
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LANDSAT imagery for guantitative resource inventory in forestry,
range, wildlife habitat, and water demand. In each of these
studies; some parameter (e.g., the volume of timber by species
per acre) is measured quantitatively. Digital LANDSAf processing
is, of neqessity, combined with photo interpretation and selected

field observation to produce the final result. Sampling techniques

. for photo interpretation and field plots are designed to adhere to

progrém objectives and cost.

Based upon this and other étudies, ESL has four
recommendations to make to the Hawaii CZM planning staff. The
numerical sequence of the recommendations is importéht since the
later recommendations are based on the success and direction of

the earlier ones.

1. Determine the future availability and quality
" (cloud free images) of LANDSAT data over the

~state of Hawaii.

2. Based upon the first and second detail levels
generated through the resource inventory
methodology study (see Section 3), determine
whether LANDSAT data is the most cost-effective
method of data collection.

3. Based upon the desired accuracy and precision'
levels, structure the necessaiy’data collection
platform combination (LANDSAT, U-2, low altitudey. ..
ground teams) to perform the task. “
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4. Establish the process by wﬁiéh-rgpetitive classi-

7

- fications are accomplished over time.

2.3.4 Future Systems.

v

. Remote sensing is a dynamic tedhholégy. Improvements
océur‘rapidly offering more diverse and sophisticated data
collection systems. Supplementing the technological improvements
are the past and ongoing proﬁects~which, during operational use,
lead to the development of new application methods and the improve-
ment of.old ones. Some of the anticipated fuéu:e projects, which
are primarily>under NASA auspices, which will impéct }emote_
sensing technology and potehtial app;icationé, are discussed in

the following paragraphs.

- The following spacecraft and aircraft programs are either

presently operational or are completely new programs still in a

research development mode. The progress of these programs is béing

tracked for possible future input into the Hawaii CiZM program.
Relevance to resource inventory tasks. is derived from the mission

+ of the project.

a. Sbacecraft
N 1. LANDSAT (Environmental Land Satellite)
’ 1, 2 and C.

(This satellite iswalso known as ERTS-- Earth

Resource Technological Satellite)

~

-

.
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1
i
i
' Mission: - Earth Resource Survey. '
Orbit: 7 900 km (570 miles) and sun
\ synchronous.
I Sensors: _ Return beam v1dlcon (rev)* and
4- channel multlspectral scanner.
I LANDSAT C will have an RBV,
improved resolution (better than
I 1.1 acre) and 5th channel for
collecting thermal data.
l Launch Data: LANDSATs 1 and 2 are operational |
and C has a 1977 launch date.,
 LANDSAT follow-ons are also
l ‘ ] - planned for 1981 and 1982. With
, ) : both 1 and 2 satellites in orbit,
I : s coverage can be obtained every l
l .
i
i
i
|
I
1
i
i

9 days.
2. Nimbus G Satellite..

Mission: Atmospheric pollution monitoring
- and coastal ocean monitoring.
Orbit: 1110 km (690 miles), sun
synchronous (high noon).
. Sensors: Multispectrall scanners,
spectrometers, microwave
radiometer, infrared radiometer.

Launch.DaEé: 1979.

*A malfunctlon occurred and llttle data has been collected from
this sensor. .
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3. SeaSat A (Sea Satellite). b
Mission: Day and night capability;
observation of oceanic, atmos-
i pheric, and solid earth
geophyéics.
Orbit: 800 km (500 miles), 108 degrees
inclined.
Sensors: Active radar, passive microwave,

and infrared.
Launch Date: 1978. -
References: McCandless, Jr., S.W., 1975,
Sea Sat-A--A Product of User
Interests. 10th Intl. Symp.

on Rem. Sensing of Env.

Synchronous Earth Observation Satellite.

Mission: Earth Resources Survey,

- Meteorology, and Warning.
Orbit: Synchronous equatorial.
Sensors: Large earth survey telescope,

thermal advance atmospheric
sounder and imaging radiometer,
microwave sounder, and framing
camera.

Launch Date: 1985 time frame.

N,
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b. Aircraft - .
Aircraft o, Sensor
1. - NP-3A Photographic,
é. NC-130B Photographic,
infrared
3. C¥=-990 Photographic,
4. WB~57F Photographic,
infrared
5. U-2 Photbgraphic,
infrared

infrared microwave

multispectral and

microwave, etc.

multispectral,

multispectral

A U-2 aircraft collected over 2,600 color, color
infrared, and black and white photographs of the Hawaiian Islands
in October 1974 and July 1975. All photograﬁhs were furnished'to
DPED in duplicate at no cost. The plane is scheduled to

return to Hawaii in October 1976.

Several typical on-going user projects utilizing remote

sensing data are listed in Table 2-6.

ESL's ongoing task is to track these systems as they

develop, to examine their potential and relevance to Hawaii's

studies for their implementation.

- Coastal Zone Program and, where applicable, to begin methodology



Table 2-6. Typical Ongoing LANDSAT Demonstration Projects

~E

Project

"Mission

LACIE (Large Area Crop
Inventory Experiment

Snow Mapping

PNRC (Pacific Northwest

Regional Commission

Automated Fire/Weather

Data Systém

Mississippi Natural

Resources

[=]
Focus:

User:

Focus:

User:

Focus:

User:

Focus:
User:
Focus:

User:

Global Crop Prediction
USDA and NOAA

Snow Aerial Extent

Various agencies

Regicnal Natural
Resources  Inventory
A. Forést‘inventory
B. Noxious weed inven-
tory
C. Water demand’
D. Land resourcg\
(land use) ' ‘
E. Coastal zone'resoufce
F. Range and wildl;fé
resource ,
Washington, Oregon,
Idaho

Fire Weather Data
Acquisition/Dissemination
california ‘

Natural Resource
Inventory

Mississippi
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3. INVENTGRY .

3.1 _Introduction.

?

_ The second year focused additioﬁai effort on inventory
products to evaluate developing'methodology. ’Many of the inter-
pretive and analytic techniques discugséd in Section 2 were
put to use in esﬁablishing an optimal multiple data collection
system. As each aspect of ESL's inventory work is ‘discussed in
the following subsectidns, the various combinations of data |

sources are presented. v _ .

. An important aspect of ESL's CZM inventory task is

’ that of converting raw data into felevant information and théh

presenting that information as an understandable, useful tool

for non-scientifically oriented planners. This task includes:

1) Definition of categories of required information
2) Formulation of a meaningful classification system
3) Providing adequate accuracy and detail within

that classification system without exceeding

funding limitations

4)  Furnishing a presentation system which will allow
easy access, be graphically sufficient and "
L facilitate and support user decisions with

scientific documentation.
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The followihg subsections discuss specific inventory
work accomplished by ESL this year. This includes 1) the 'state-
wide wetlands study underﬁaken in conjunction with‘the U. S. Army
Corps of Engineers, - 2) the Kaual County inventory, and 3) geograph-

ically specific problem analysis areas.

ESL's inventory task produced maps, classifications,
formats, etc. The output products are deséribed and discussed
in this report; however, the nature of these products'precludéé
complete inclusion within this document. It is imperative for
the output products themselves to be carefully examined and
critiqued by planners, public committees and others in order to
be truly valuable. A methodology study must be tested by users
and modified_ by feedback until a viable system has been achieved.
Prior to embarking on a full-scale statewide inventory, each
paramefer must be understood, questions resolved and, most
importantly, the avenue established to ensure a flow of informa-
-tion from the scientist, to the coastal zone manager, to the
public. Information concerning ESL's second yéa; maps, overlays,
photo copies, photo enlargements, etc., is available at the
Department of Planning and Economic Development, Kamamalu Building,

Honolulu.

3.2 Wetlands Inventory.

The Hawaii Coastal Zone Management Program, realizing
the importance of wetland areas and the impact those areas have

on planning and management decisions in the coastal zone, began -
9 g i ,

3-2
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discussing a wetland survey early in 1976. Following negotiations

with the U.S. Army Corps of Engineers, a cooperative statewide

‘wetlands inventory effort between the Hawaii CZM Program and the

Corps was undertaken.* This two-phase program, begun in late
February 1976, was to combine the capabilities and outputs of
each participant into a single, informative document as cost-

effectively as possible.

Phase one, supported by the CZM program, consists of
identifying and locating all significant wetlands, or probable
wetlands in the state. The output product is an overlay regis-
tered to the 7.5 USGS gquadrangle maps indicating the general type
and location of the wetland. |

Phase two, to be conducted by the U.S. Army Corps of
Engineers, will visit each indicated site, determine if the
wetland should be included in the inventory and if so, obtain

detailed vegetation and ecological information.

The purpose of this survey is to supply wetland
location information to CZM planners and furnish U.S. Army Corps

of Engineers an accurate location map to facilitate their field

*The CZM Act itself urges close cooperation between Federal and
state agencies in exercising managerial control.over the Coastal
Zone. 305 Guidelines, Section 920.21, recommends thée U.S. Army
Corps of Engineers as a source of information. This cooperative
‘wetland study ensures coordination between Federal and state
powers on issues affecting wetlands within the Coastal Zone.
(NOAA Threshold Paper No. 5, State-Federal Interaction -
National Interests.)



3.2 - Continuedf

investigations of individual wetlands.* Eventually their infor-
mation on species description, distribution and productivity will
be‘combined with CZM's‘mapping survey to produce a étatewide wetland
document. This joint effort represents a good example of multi-
level data gathering and a cost—effectivé method of obtaining

desired information. -

3.2.1 ~ Phase One Study.

~

The Coastal Zone Management (ESL Inqotporated)vportion of
the wetland.study is based primarily upon aerial photographic
interpretation of high altitude color infrared photogféphs of
October 1574 and July 1975 and U.S. Army Corﬁs of Engineers' low -
altitude, black and white shoreline photographs of 1975 and 1976.
General wetland type (e.g., lowland meadow, estuarine, salt marsh,
etc.) is provided with more precise vegetation species'descriptions
included where ESL field teams have gathered g;ound truth support
data. Wetland delineation oVer the entire State of Hawaii has been

'accomplished for those wetlands approximately five acres or greater
in size. Gaps in the statewide aerial coverage, due mainly to '
cloud cover, necessitatéd that ancillary information sources be

utilized (USGS guadrangle maps) in some areas.

For this study a wetland is defined as "areas having- wet,
marshy soil conditions, frequently inundated by or covered with

fresh, brackish or saline water, subject to tidal, ripariah or

Ve

*Discussions with Hawaii's U.S. Fish and Wildlife Service indicate
their participation at an unspecified future date in a National
~Wetlands Survey. This more detailed local survey was encouraged,
its value primarily seen as an enhancement to a more gross

“inventory.. »
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3.2.1 == Continued.

drainage ponding influence, and dincluding 'high bogs'; those
areas distinguished by particular and unique vegetative specieé\

thatjrequire saturated soil c¢onditions for their growth and

reproduction. '™

Rgseréoirs and riparian habitafs_were not typically
considered wetlands. (These features are considered important
and would be mapped on rivers/stream pattern, and vegetation

/

BN

overlays - see Section 3.3.)

3.2.2 Wetland Inventory Methodology.

Pho@ographic_interpretation was the primary tool
utilized in the Phase One mapping portion of the wetland study.
Seqdhd generation transparencies were utilized to maintain
inherent resolution and, where possib;e;_the imagery was viewed
stefeoscopically. .The stereoscopic analysis of color infrared’ film
greatly facilitates wetland delineation. Thézinfrared film causes
viable vegetation to appear red to the human eye. This is a re-
flectance of the chlorophyll content of the plant which varies
either through>spe¢ies differentiation or individual plant vitality
and furnishes an identifying 'signature' for  each floral type.
When viewed in stereo the precise topography of the terrain is

evident and individual tree canopies and shrub areas stand out

'clearly. Because of the diversity of Hawa11an terraln and
' vegetation, many wetland delineations, when identified solely via

photo interpretation techniques retain a "probable" or "possible"

prefix. Thus the field verification to be accomplished by the



3.2.2 - Continued.

U;S. Army Corps of Engineers in Phase Two remains critical.
Phase One, however, will greatly facilitate the ground truth
operation by directing field teams to areas of high wetland
probability.

Each time a wétland or probable'wetiand was noted on a
photographié transparency a direct contact mylar.ovefléy was made
delineating that particular wetland's approximate boundary. - Scales
ranged from 1:65,000 to 1:32,500. These overlays were ehlarged
to.a 1:24,000 scale and transferred onto a second mylar overla&.
The second overlay was régisteredfto the particular‘7jl/2 minute
USGS quadrangle map (1:54,000 scale) which contained the wetland

area.

For those wetlands on or near the coastline, the low
altitude panchromatic photographs were also examined and a more
detailed delineation made on a mylar overlay. The greater
resolution of the low altitude imagery assisted in this process; -
however, spectral différentiation between wetland and non-wetland

vegetation types could not be accomplished. Using both data types

in tandem_when available provided the most confident determinations.

3.2.3 Output Product.

The phase I product is a systematic display of delineatea
wetland areas accomplished through an overlay system keyed to USGS
guadrangle maps (1:24,000 scale and 1:250,000 scale). Only the
overlays are provided, to be utilized in conjunction with in-house -

copiés of the various guadrangle maps.

B



3.2.3 -- Continued.

Five (5) individual sets of data produced in Phase One

combine to probide a systematic presentation of the information

which lends itself to the Corps' expansion of it and establishes

a base format which can be updated, corrected and improved.

The five data sets are:

1)

3)

4)

Overlays depicting the four countieé régistered to
1:250,000 scale quads (total of five overlays since
HéWaii is divided into North and South Sections).
On each overlay respective 7-1/2" quad maps are\
registered and labeled to give overall and accurate

location information.

A second set of 1:250,000 scale overlays registered
to USGS 1:250,000 scale maps depicts the approximate
location. of existing wetlands by a reference number.

Overlays registered to 1:24,000 scale quad maps
delineate the actual wetland area, along with the
assigned number correlated with 1:250,000 scale
nhmbers._ The actual‘delineationvon this overlay
is taken directly from an enlarged overlay of a
U-2 infrared photographic transparency. A

Data sheets for each county with information
specific to each individual listed wetland within
that county. General wetland type (salt marsh,
riparian marsh, estuarian, etc.) is provided

and corresponding aerial imagery uéed in locating
the wetland is listed. Detailed photographic

~

- .



3.2.3 -- Continued.

information as it relates to each Qveflay gives
flight numbers, accession number, frame number,
~film type, data and original scale. The photo-
graphy 1is available a£ DPED's data facility. -
Light tables, stereoviewers and some ahcillary
reference material may also be available. Céll

Mr. Chris Christoffels for assistance. -

5) Mylar. overlays produced from the>l:6,000 scale low

‘altitude phot6graphs are furnished to provide a
"close look"” at wetlands located near the shore-

- line. These are labeied and to be used with the
low altitude imagery located at the U.S.AArmy
Corps of Engineers, or at DPED. They are corre-
lated to individual wetlands on the data sheets
(#4) and precise locations can be obtained by
examining .the quad overlays. )

It should be remembered that the actual output product

of the Phase One wetland survey produced by ESL is not included

within this report because of its size, bulk and printing

Adifficultieé. It is a separate entity available through the DPED

"or the U.S. Army Corps of Engineers: Mention of the wetland

study is made in this document only to inform readers of its
existence and to proviae some ideé’as to iﬁs format, anticipated
value and inherent limitations. Appendix A provides the data
sheets (item 4 above) for the entire state.

3-8
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3.3 Kauai Codnty Resource Inventory.

Webster defines "resource" as "an available means; a

natural source of wealth or revenue". Hawaii is rich in

;

natural resources and not very many years aéo<was substéntialiy
richer in some. .Recent public awareness\has forced governmental
respresentatives to address ‘the problem of diminishihg natural -
resources. ESL's resource inventory is aimed at providing
information to managers enabling them to serve this task bettef..

3.3.1 . Extent and:Purpose:

The purpose of this inventory study is based upon the
- . planning/management informational needs of the State and in-
accord with NOAA threshold papers (Federal recommendations).

7

A. Threshold Paper No. 1 ‘Boﬁndaries .

"The following are necessary elements of this

An identification of transitions and intertidal
areas, salt marshes, wetlands and beaches."

Proﬁer identification of these features must
_include: A definition of each area based solely“'
upon'bioiogical) chemical, and/or physical
criteria; developmental, political, or admipistrq-

tive factors would be. inapplicable.

[

.



3.3.1 ~- Continued.

B. Threshold Paper No. 2 Permissible Uses

o

-"These determinations (permissible uses) must be

based upon —-———==~=m=———--
® '"Ah inventory of natural and man-made coastal
resources.” (923.12(b) (2)) |
K Analyses or establishment of methods for
analysis."” '
C. Threshold Paper No. 3. Geographic Areas of

Particular Concern

"Establish a process to determine the areas meeting
these criteria (GAPC), and thus desirable for
designation. Two such processes are:

(a) A state inventory in progress

(b) Public nomination for subsequent review."

< - The perenniél problems encountered with constructing a
resource attribute classification system are correct identification
of user perspectives and anticipation of long-term value flucfua-
tions.  The user perspective is as varied as the individuals using
the system and complicated further through:resource weighting, '
projected program goals and funding limitations. As time passes,
land value patterns change placing new planning and managgment
requirements on a system designed for old demands. The definition
and compatibility of “land use' and 'land cover' classes is also
dif ficult. ' '
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3.3.1 . == Continued.

ESL has reviewed many classification scheme designs in
formulatiﬁg a system for the Hawaii Coastal Zone Management Program
methodology study. Each design presented several very positive
elements; but,.iﬁ each, the value of the positive element was
partially offset by unreconcilable conflicts when operationally
tested. The problem was not with the classification schemes
reviewed, but with the complexity of uses to which coastal zone
management would subject them. The goal was to design a classifi-
cation system which would (a) deal with a wide range of resources,
(b) be flexible enough to access information relevant to specific
combinations of resources, and (c) be easily corrected, updated or
modified. ' '

Through our inventory methodology studies a multiple
overlay system was formulated and implemented. Eight categories

of information were defined and mapped:

1) Land Use Districts
2) Transportation

3) Land Use

4) Vegetation

5) Shoreline Habitat
6) Sand and Reef

'7)  Rivers and Streams
8) Wetlands*

*Wetlands category has been previously discussed in Section 3.3.



3.3.1 == Continued. - - ’ ~

N

These categories were determined by the technical consultants

(ESL, PUSPP and H. Mogi) and approved by CZMP staff.** Discussion
with’ the Kauai County Planning Department aléo provided input,

" particularly the level of détail relevant to local government
planning. ‘

Each category has its own map and a specifically tailored

cla351f1catlon system which furnishes the maximum amount of infor-
mation through a minimum number of detail levels (see Figure 3-1).

On any map or classification scheme as more delineations are drawn

out the number of detail levels increases. As these increase, the '

design of the system becomes more and more complicated; and the
illustrative graphics and class breakouts become progressively more
difficult torutilize. By separating major resoﬁrce cafeébries
and supplylng each with a 51mpllstlcally tailored class breakdown,
the data becomes more accessible, easier to use and deals smoothly
with redundancie; such as "is it grassland or pasture; bare
ground or recreational beach, waste field or\open'space?" Each
resource category map sﬁpports the resource inventory function,
but by being individually autonomous, provides stand alone infor- .
mation as well. / ‘- N
Network systemiove:lays (e.g.;/rivers and s%reams) are
completely compatible with areal delineation overlays (e.g.,
vegetation) and, though designed for initial manual use,.both

are guickly convertible to a computerized process.

**Reference letters of 30 October 1975 (technical attachment) and
10 December 1975 PUSPP to ESL. - Reference letter of
27 February 1976 ESL to PUSPP. \ )

3-12
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3.3.1 -—- Continued.

Several use benefits become readily apparent with the
multiple overlay system. First, new cafegories can easily be
added. Soil conservation maps, already completed by USDA can be
added to this system with little if any modification. - Orthophoto
quad maps could easily create a new base map. Secondly, individual
resource/maps or overlays can be selected and combined to focus on
particular problems. For example, vegetation maps and rivers/streams
maps can be combined to study water demand problems. Thirdly, the
problem cf separating land use and land cover is solved. On a
vegetation overlay the classification May be "grassland" while on
a land use overlay it would be "pasture". Bare ground on.a
vegetation overlay might be a boulder beach on the shoreline habitat
overlay indicating a micro-environment to be conserved. Levels of
detall need not become excéssibly complex on any one overlay since
other overlays are addressing other resource informational

requirements.

3.3.2 Inventory Methodology.

The inventory was accomplished utilizing existing

sources thereby establishing optimal procedures for new data

.

collection later on. The information sources used were: .

)

) High altitude color, color infrared and black and

-

white photographs

) Low altitude black and white photographs

-14
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3.3.2 -- Continued.
® U.S. Department of Agriculture soil conservation -
maps o
i) Department of Land and Natural Resources, State

‘Division of Forestry, forest type maps

) Existing studies, reports, papers, etc.
o Interviews with local experts
3 Ground truth verification by ESL field teams and ’

local consultants.

Interpretatioh and analysis techniques have been
discussed in previous sections and, to avoid redundancy, will not
be elaborated upon again here. Pertinent comments on each

resource attribute map are provided in the following sections.

3.3.3 Test Site.

The Lihue/Nawiliwili area -in Kauai county is the primary
test site for ESL's second;year resource inventory methodology
study. The entire Island perimeter (as defined by Coastal U.S.G(S\
Quad maps) 1is the secondary test area and its inventory -extent is
limited by time and funding. Most importantly however, is the

structure, or format of the mapping and classification system.

- The inventory encompasseés sufficient resource categories and

geographical area to permit substantial use as well as documented
critique. Bear in mind that this study is methodological,

requiring user feedback and modification.

N\



‘3.3.4 Output Product. _ !

The output product generally is in the form of a
transparent my1ar multiple overlay system (see Figure 3-1)-
registered to.l:24,000 scale U.S.G.S. 7-1/2 ﬁinupe quadrangle
maps. This scale is compatible with the University of Hawaii's
(PUSPP) computer information system which is régistered to the
Soils Survey Study, also at 1:24,000 scale. Similar scale will
allow for a single format digitizing process and compatible
computer output maps. Appendix B contains reduced copies of
various mylar overlay maps to familiarize generally readers with,
the format. As in the case of the wetland mapping this document
only refers to the resource inventory, attembting to make the
‘reader aware of its existence and availability. Actual use or:
cfitique of the output product must stem from the dutput products
' themselves, e.g., the quad maps, overlays and classificatién

schemes. Again, these are available at DPED.

3.3.4.1 Overlay #l. District Land Use Boundary.

This overlay merely transfers existing land use district
- boundaries onto a clear nylar overlay rggistered to quad maps.at
a 1:24,000 scale. The four district classifications are:

“U" Urban

"A" Agriculture

"C" Conservation

"R" Rural , <
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0 3.3.4.1 —- Continued.

The Hawaii State Land Use Commission has very specifi;
cally defined each district-type and regulates the various land
use activities permitted within the boundaries of each (State

Lands Use Commission, 1975). Appendix B quotes these definitions

for the convenience of the.reader.

In constructing resource overlay maps ESL felt that a

“visual illustration of land use districts which could be used in

tandem with all of the other maps would greatly enhance the value

‘0of the multiple overlay syStem. For exampie, the land use map

(#3) when examined with the districts clearly overlayed can

(a) provide indications of the direction of urban sprawl, (b)
quickly point out land use violaticns, (c¢) clarify options for
regulating the direction of urban expansion and (d) defermine the

percentage .0of productive agricultural area among other things.

There are procedures for petitioning a change in the o
land use district boundary and as these occur this overlay category
should be updated. Once again new overlays should be made preser-

ving the 0ld ones for trend analysis.

3.3.4.2 ~ Overlay #2. Transportation.

This overlay is a network system illustrating<ﬁajdr )
highways, roads, jeep trails and foot paths. It was compiled with
U.S.G.S. quadrangle maps and high altitude aerial pﬁbtographs, the
latter illustrating newly constructed ﬁransportation routes.

The primary function of this map is to indicate the accessibility
of resources delineated on other overlays. It can also provide

assistance in estimating use density of ‘particular areas.



3.3.4.3 Overlay #3. Land Use.

The land use delineation map illustrates "man's
activities on the land which are directly related to the land" )
(Clawson and Steward, 1965). This overlay should be used in
conjunction with the Land Use distfict map, Overlay #1, to
combine political boundaries with actual land use. In essence
this category monitors the usage to which the resource categories
are put. Management of resources directly relates to management
of land use. -

Problems were encountered in the construction of a
classification>system which would be on the one hand sufficiently
broad to deal with the wide range of coastal zone management
guestions and yet precise and accurate enough to provide users

with practical and beneficial information. These design problems

-and the general solutions applied by ESL are discussed in the

introduction to this section. Suffice it to say here that the
land use overlay will, in and of itself, provide much information

(Appendix B-3 contains the land use classification).

However the dynamic concept of multiple overlays will
enhance that information by allowing tandem usage with other

resource inventories.

U. S. Geological Survey Circular 964 contains that
agency's latest Land Use and Land Cover Classification System by
Anderson (1976) (see Table 3-1), It is an attempt to create a

viable classification system which will serve as a common format

for the nation. Only two detail levels are provided allowing each



Table 3=-1. U.S. Geolbgical Survey Land Use and

AN

Land Cover Classification System for
Use with Remote Sensor Data

LEVEL I LEVEL II
B
1l Urban or ‘Built-up Land 11 Residential -
: 12 Commercial and Services
13 Industrial ]
14 Transportation, Communications
: and Utilities
15 Industrial and Commercial
Complexes -
16 Mixed
17 Other .
2 Agricultural Land 21 Cropland and Pasture
N 22 Orchards, Groves, Vineyards,
Nurseries; and Ornamental
_ Horticultural Areas
) 23  Confined Feeding Operations
24 Other
3 Rangeland 31 Herbaceous Range
32 Shrub~Brushland Range
33 Mixed -
4 Forest Land 41 Deciduous
) : 42 Evergreen
43 Mixed
5 Water 51 Streams and Canals
' 52 Lakes '
53 Reservoirs
54 Bays and Estuaries
6 Wetland 61 Forest
62 Nonforested
7 Barren Land 71 Dry Salt Flats
- - 72 Beaches
73 Sandy Areas Other than Beaches
74 Bare Exposed Rock-
75, Strip Mines, Quarries, and
/ Gravel Pits
76 Transitional Areas
77 Mixed '
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Table 3-1. - ContinpedJ
LEVEL I LEVEL II
8 Tundra 81 Shrub and Brush Tundra -
82 Herbaceous Tundra
! 83 Bare Ground Tundra
84 Wet Tundra
85 Mixed
9 Perennial Snow or Ice 91 Perennial Snowfields
- 92 - Glaciers .

\
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'3.3.4.3 -- Continued.

user to add additional levels in accord with his own unique use

requirements or environment. Table 3-2 cdmpares this system with

ESL's multiple overlay concept tb\giVe the reader a better feel
for the depth of the latter system. -

- The land use classificafion system accompanying the _
overlay map extends to the fourth level of detail. Additional
levels of detail can easily be added but should be done only

after the plannlng element reviews and, if necessary, modifies

the 'initial design.

The mylar‘overlayrmép, as with all the overlays, is
registered to 7 1/2 minute U.S.G.S. Quad maps at a 1:24,000 scale.
In aadition tQ this_preseﬁtation'format a secqu, slightlyf
different format structuré’was designea, The urban district in
the Lihue Quad was photomapped at a scale of 1 inch equal to
lOOOYfeet‘(l“ = 1000'). This involves a delineation, similar to

the mylar overlay map procedure; only an enla:ged photographic

- photocopy is used as a base. The photobase was obtained through

an RC-10,12" metric mapping camera‘sﬁécially designed to minimize
the disfortion inherent in all photographs. The result is a
large scalé,Jphotobase map which would be beneficial for local
county planners. ‘These maps have not been rectified and should
be limited to planning. Feedback relative to this format should
emanate from”the Kauai County planning staff.

’



Table 3-2. Corresponding Categories of U.S.G.S.
” Circular 964 and ‘Multiple Overlay System*

USGS Land Use and Land
Cover System

1 Urban or Built-up Land

Multiple Overlay System

Land District
Land Use
Shoreline Habitat
Transportation

2 Agricultural Land.

Land District
Land Use
Vegetation

3 Rangeland

Vegetétion
Rivers and Streams

4 Forest Land

Vegetation

5 Water

Rivers and Streams

6 Wetland

Wetland

7 Barren Land

Shoreline Habitat
Sand and Reef

8 Tundra

Vegetation

9 Perennial Snow or Ice

* (See Appendix B for a detailed breakdown and description

for multiple overlay attributes.)
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3.3.4.4 Overlay #4. Vegetation.

rs

The study and mapping-of veéetation types are important
to the CZM program. Areas in agriculture determining food
supplies, graesland and range are important for cattle grazing,

and forested areas are necessary for watershed protection and

“timber and pulp All types are used by w1ld11fe for food, cover

and as a source of human recreation.

The study and typing of wvegetation are time consuming

‘and a complex problem. As one becomes more familiar with the

vegetation of a given region, subtle differences are easier to
detect and finer divisions become possible. Those factors
constituting the definition of a specific type are very much
influenced by the purpose of the investigation. Foresters are
primarily concerned with timber and watershed, range resources
specialists with anlmal carrylng capacity and the ecologlst with

details of species comp051tlon and 1nterrelatlonsh1ps.

The purpose here is to provide general categories of

" vegetation to obtain a planning overview of CZM related resources.

In some cases four levels of detail are provided when thig could
be reasonably done and still be consistent in the interpretations.

The primary.focus was the areas near ‘the coast; examina- .
tion of upland tree and brush types was limited to very general
categories. Primary source material was the 1975 U-2 phctographs
supplemented by limited field observations. The Department of
Natural Resources, Division of Forestry type maps were also
extensively used, particularly in upland areas and for forest
plantations. The forestry maps, however, include a land use/land
potential classification and a stand size and density rating.



3.3.4.4 - Continuea.

In this classification system, land use is treated as a
separate attribute (overlay #3); quantitative measure of stand

density, size, etc.” are considered important, but are suggested

for detailed studies in areas of particular concern.

a list>bf‘scientific names of the plant species
referenced in this report is provided in Appendix B as well as
the detail classification scheme. The species list for each '
area is by no means complete and is intended only to provide a
"general description of the vegetation stand.

is no attempt in this

/

- One specific item is notea; there
classification system to delineate wetland as a separate-type.
Theée vegetation communities will be studied by the U.S. Army
Corps of Engineers'and the résulté of that study can be used to

update and expand the classification system established here.

3.3.4.5 Overlay #5. Shoreline Habitat.

Thié overlay illustrates the physical habitat of that
area of the Coastal Zone where the sea and land meet. The purpose
of this overlay is to make the planner generally aware of the
different types of shoreline, theif relative abundance, lodation
and importance. The latter would best be accomplished in conjunc-
tion with ancillary information such as species/habitat comparison
studies (Maragoé, et. al., 1975), other overlays and/or the
quad maps themsélves. The accompanying shoreline habitat classi-
fication scheme (Appendix B) is accurate to Level III. Level IV

'\ -~



3.3.4.5 -- Continued.

is reasonably accurate, but, for illustrative aesthetics,
occasionally combines small areas of closely related types, e.g.,

rocky outcrop and boulder beach. The classification system is

" open to modification and amenable to the addition more detail

‘levels of information. For this reason, a section listing the

aerial photography utilized for a particular quadréngle is
included with the classification scheme. This will enable a user
requiring more precise and’éccurate information to go directly to
the data source. All aerial photographs used are available at o
the DPED Data Facility for examination. Private copies are

available at cost through the U.S. Department of Interior, EROS

' Data Center, Sioux Falls, South Dakota.

The description accompanylng the classification attempts
_to explain the various class headings in a way as to be most
meaningful to the manager and not the scientist. It includes a
description of the physical terrain, a brief explanation of
natural interactions brought about by the physical characteris-
tics and finally a simplistic aﬁalysis of Qﬁat impact, relative

to man, that interaction has had in the past.

3.3.4.6 Overlay #6. Sand and Reef.

The depletion and erosion of sand resources have been
almost universally posed as/a Hawaiian CzZM problem. One can
assume that'virtually all beaches in Hawail possess the potential
for recreational use. However, recreational and industrial uses

compete for the sand resource; private interests compete with
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3.3.4.6 ~= Continued.

public rights for access to beaches; developers alter the shore-
line with seawalls, breakwaters and dredging which, in turn,
changes the dynamics of a sandy beach. This overlay maps the
location of beach and dune areas on shore and roughly points out
some offshore sand channels and deposits. The photography used
is listed in Appendix B and should be examined for more |

’detaile@ delineations in geographically specific areas.

Here is an excellent example of the problems encountered
in establishing cost~effective levels of information for coastal
zone management. The amount of informational detail inherent in
the data source (here high and low altitude photographs) far ~
exceeds that required for planning. ESL has determined that
general subsurface sand resource mapping, with reference to easily
accessible data sourées, provides the optimum detail level trade- .
off. Critiqqe from users will establish that level of detail

necessary fof the CZIM program.

- In many cases the water penetration of the photography
is limited because it was‘not specifically obtained for this )
purpose,/and additional effort will have to be used to complete
and/or update the map.* This overlay can be used in conjunction '
with overlay #5, Shoreline Habitat, td obtain information on
beach composition. As more detailed studies are completed, sand
_quantity and quality parameters can be added to the classifica-
tion scheme as additional levels of detail.

*See Section 2.3 for problems relating to subsurface resources and
water penetration capabilities of aerial photography.

N
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3.3.4.6 == Continued.

‘Many studies have been conducted and papers written on
Hawaii's sand resources. The intention of this map is to draw
together some of these studies and present them in a clear and
understandable manner through an "information system" designed to
communicate timely scientific data to the planners and managers.
(Gerritsen, F. 1973; Moberly, R., J.F. Campbell and W.T. Coulbourn,
1975; Roach, J. 1975; Levin, J., 1970; Moberly, R., 1968.)

Also illustrated on Overlay #6 is reef information.
Reef locations, in addition to their natural beauty ‘and ecological
niche, are important for navigation, recreation and shoreline
protection from high energy wave action. Present aerial photo
interpretation techniques give little information on coral type
or condition delineating only their extent in shallow water (20-
50 feet). Again, water penetration techniques are being studied

and improved upon.

J

J. Maragos, et. al., (1975) breaks reef into several
descriptive components which give the reader a better understand-
ing cf the exten£ and interaction-of the reef habitat. Excerpts
from the above referenced work are included in the appendix.‘

7 As with subsurface sand, reefs are difficult to map:
The question "level of detail" is a significant one and the final
mefhodology will depend upon CZM user feedback.



3.3.4.7 Overlay #7. Rivers and Streams.

This overlay separates the river and stream patterns. -
Much information has been obtained from the U.S.G.S.‘Quad maps
themselves. However, in some instances the spectxal)response of
vthe vegetation in aeriai photogréﬁhs indicates a water drainage

pattern which is not visible on the surface.

Perhaps the most important aspect of this overlay is
_that ‘it provides a base for CZM planners to build upon, incor-
porating new study results and additional data into an understand-

able format.

3.3.4.8 Qverlay #8. Wetlands.

~

: Discussions of wetlands overlay was provided in Section
3.1. Detail classification system currently under development by

U.S. Army Corps of Engineers. , /

. N -



3.4

~- Continued.

ESL's approach to problem analysis is:

1.

2.

Identify the problem (e.g., coral kill).

Locate the physical effect creating the problem,

(e.g., sedimentation).

Through remote sensing technology, trace the
effect of the problem back to its physical cause

(e.g., soil erosion).

Determine the land use activities or conditions

which initiated the cause, (e.g., overgrazing).

Outline the physical boundary of the problem to
include cause, pathway(s) and effect (establish

geographic’area of particular concern).

Recommend key points at which to monitor cause

and effect of the problem.

By analyzing a relatively small number of problem aréas, planners
and managers can begin to set up predictive models which, in turn,

can assist in setting up priorities for permissible uses.

ESL's task is to present relevant resource and environ-

mental information to these decision makers.” The final decisionsh

-~

however, must include a consideration of economic, social, and

-~
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3.4 _ -= Continued.

political factors. The following subsections discuss geogréphi-
cally specific problems and attempt to draw the reader through a
process which involves the use of remote sensing in detecting,

identifying and recommending solutions.

3.4.1 Sedimentatidn.

A detailed examination of this problem was undertaken
over a portion of the Island of Molokai. Stereoscopic (three

dimensional) examination of 1:65,000 scale true color (400-700 nm)

and color infrared (510-900 nm) image;y obtained on thejjuly 1975

flight, coupled with historical low altitude imagery and field
investigation, were used in the analysis. The high qltitude
imagery was analyzed at scales of 1:65,000 ﬁp to 1:6500 (10 times
enlargement) using a Bausch & Lomb zoom stereoscopeon the positive
transparencies. Figure 3-2 is a reproduction of the color
infrared photograph and will serve as a reference for the -
following analysis.l The legend accompanying the photograph

1

Due to reproduction costs, only a limited number of reports con-
tain color photographs. This is unfortunate because the analysis
of color infrared imagery is based on the differences in hue and
saturation of various objects and backgrounds. Black and white
renditions of color infrared imagery do not exhibit these '
important differences. Furthermore, although black and white
reproductions of color infrared photographs appear similar to
black and white panchromatic and black and white infrared photo-
graphs, they cannot be interpreted as such. The gray scale
values of various objects in black and white renditions of color
infrared images are not the same as those for the same objects

as recorded in standard panchromatic black and white, or standard

black and white infrared. photographs.

The reader wishing to verify personally discussions concerning
the analysis of the imagery presented herein should contact the
CZM Data Facility, DPED, 250 S. King Street, to make arrange-
ments to view positive transparencies..

3-30
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Figure 3-2.

Healthy productive pineapple

Recent pineapple field, no longer in production
Old pineapple field, extensive encroachment of
weeds and grasses

Potato field -
Pasture (improved)

_ Grassland, unimproved pasture

Open Kiawe (pasture)
Dense Kiawe

Wetlands, mangrove

Wetlands, salt flat/pickle weed

Sand and sand/coral mixture

Algae covered -mud

Coral

Bare soil .

Urban commercial, residential, other vegetation
types

Open water channels

Color Infrared Image of Portion of South Molokai

Coast (Portion of Entire Photo Shown Scale 1:65,000)
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3.4.1 -- Continued.

1dent1f1es various features and will serve to orlent the reader
'who may be unfamiliar with this color infrared 1magery.

Coral (annotation M) exhibits a dark blue, even'textured
response and wes readily delineated on the color infrared photo—
graphs to depths.of approximately 4.5 meters. It was not possible
to determine the health of the corar.throggh photo interpretation.
A similar signature was found on the true color photograph.
Additionally, because of better water penetration capabilities of
the true color imegery, coral areas eould be delineated frem

surrounding sand areas to a depth of about 10.5 meters.

Coral, sand and sand~-sediment mixture is shown in
Figure 3-2 by annotation K. The differences in signature at
various locations are due to water depth; the lighter blue and
bluish-white hue near the shore is under only .3 meters of water.
Again, at depths greater than 3 to 4.5 meters, true color film is
a better media for off-shore subsurface sand delineation.

Algae covered mud and sediment are shown by annotation
L. The greenish hue and mottled texture is quite well depicted

on the color IR photograph. _ -

Extensive mangrove stands are shown at annotation I.
Detailea examination under 10X magnification reveals Ehe very
bright red area immediately adjacent to the coastline is healthy
mangrove 8. to 10.5 meters high. Immediately mauka of this is a
dull red response typical of stunted (2 meters high) mangrove.
The reason for this was not established.

~

~.
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3.4.1 —— Continued.

- Pickleweed, occupying extensive areas inland, is shown
at annotation J and exhibits a typical mottled pink and blue
signature. The biuevis due to patches of bare soil (salt flat).
Inland of the pickleweed is a stand of dense Kiawe (annotation H)
with an understory of grass (Pennisetum spp.). Significantly, .
the dense stand of Kiawe extends inlaﬁd along the stream bottom

where water is available. Upland of the dense Kiawe is extensive

- open Kiawe/grassland area (annotation G).

- Bare soil areas can be seen at annotation N and are
very important to the analysis. -

» Flgure'3—3 is a thematic map, scale 1:65,000, that
portrays the areal extent of the various features for a portion of

the test area.

The degradation of the corai_beds on the South Molokai
coast is an ecologically complex problem, but it is well known
that extensive sedimentation can cause suffocation and environ-
mental changes leading to eventual decline of the living coral
beds (Baﬁner and Bailey, 1970). The extent of the problem area

can be obtained, in part, with remote sensing and associated field .

surveys. Additional insight into the cause of the problem can
also be obtained. Bare soil (N) response can be seen in the -
photographs at several points. One particularly large area of
exposed soil is due to the rock -quarry located at annotation 1
(in Figure 3-2). A’groﬁnd_photograph of this area is shown in
Figure 3-4. The quarry is located right on and immediately makai

-~

-
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3.4.1 ~-= Continued.

of Manawainui Gulch. Other bare soil areas can be seen and are
cauéed by extensive overgrééing of the dry land pasture. A
grohnd photograph of the area at annotation 2 in Figure 3-2 is.
shown .in Figure 3-5. . Much ‘of the area is exposed soil with
little vegetation to protect it from wind and. water erosion.

‘ This type of land use practice can cause serious .soil
erosion and intensify the sedimentation problem in the coastal
waters. ‘However, the identification and delineation of the rock -
quarry and extent of over—grazed pasture through_an analysis of
remote sensing imagery is not conclusive evidence that these
factors have)céused the sedimentation. - In fact, at the time of
the photographs, July 1975, there is no evidence of active sedi-
mentation discharge in the coastal waters., July is the middle of
the dry season and there is no surface water in any of ‘the

intermittent streams on the South coast of Molokai.

o The rainfall in the area is 15 inches per year or’less,
ﬁostly occurring in winter"stprms. During intense rains, erosion
probably occurs throughout the area, with severe erosion in the .
exposed soil areas. Table 3-3 lists pertinent parameters for
soils in the immediate vicinity. These parameters were taken
from the Soil Conservation Service soil survey of Mélokai and
clearly indicate medium to intensive runoff and moderate to

severe soil erosion hazards in the area.

To make some estimate of the rate at which sedimentation
is occurring and to obtain another measure of the relationship

between current land use practices and the South Coast sedimenta-



Overgrazing of Annotation 2

Figure 3-2

in-

Figure 3-5.



.

2y3 butjTnsuoo &g

‘oI5 po3STT ofe sisiowexed
punoj oq ueo iojzsueied yses JO

pa3looTos

uoT3dTIoSopP 239TdWwOd SIOW «

j

{oousIDIOI PO3ITO

- - - - - (pepoJIa)
. na A . ZLAT pueT Auolg L1537
- = - } - 2OUBSSIBUUO0DAY)
prdey ' IIA IIA qyda pusT uasoxg ysnoy
- - - - - . (30UBSSTBUUODIY)
) SHA SIIA p;ic puet £yooy
14£/98/8aT 0006 ©1 000G
aanysed paacadwy
- J24/08/sq] 002€ ©1 0073
8I9A38 0} aanised pasosdwru adors $0€ 03 0T
3)BIOPOI wnpapy ’ 9 dnoan - 1A c1ie] weoq IS 1O
£ /or/sqL 008% 01 0002
aanjsed pascadur
ak/o8/3q| aL/08/SQqT 0002 03 Q00T (popoas A19I0498)
pideg 00G O) 001 axnjsed paacadwiup adors %0% 03 ¢Z
319008 0} WRIPaK 1 duoan " "g dnoap - BIA BlA £He1 ABID £Li11§ BUIYET
N papaau
SABMIDIEM DISSBIN)
JL/oe/sq] 009 9 UOLL doao uoojed
aanised poaocaduly J£/08/SUC} Gf O} GF .
ak/ov/1q aK/or/sql 00ST O) 0P doan urew (PapoJd A[2I8A98)
0007 OF 002 aanised poasoadwrun J4/08/SU0) gp 0} GE A adors 51 O3 2
EREFCH wnrpa ¢ dnoxn T dnoxn g dnoun AL Clide €3°H weoT J[I§ BRUOICH
" pased3ns doao yarn
af/oe/sat 009z o1 00p1 | O o
aanysed pasocadwy ooy 26/SUY GE 03 §T _
1£/9e/5q 1£/oe /sl 90LT-002 douo i (papoaa AP 1aAdS)
. wnpaw 005 91 00T aanjsed paaocadwrun ufeul " dB/SUL) Gp O} G . N adors g1 A ¢
918I9POI 0} MOT§ 1 dnoan 7 dnoan z dnoan oAl BN ¢d H weoT IS TNWojoy
parzeq dnouar . dnoxn uoldApedd | PIIBILII[-UCN | P31B31Ad] a5
* uorsoxg JJo-uny S —— dnour) aamseg arddeasurg m ssery Anmasdss vasn [oquidg aweN odAy 1108
- . ‘
¥ (ZL6T °0TAISS UOTFRAISSUOD TTOS)
BOIY 352 TeNOTOW I0J sIsjauweaed ._”.Hom #Q@GHUHO,\H

"£-¢ aTqelL

3-38



'3.4.1 -= Continued.

tion problem, historical photographs were analyzed.* These
panchromafic.photographs were taken in 1955 at a scale of 1:14,000.
Detailed analysi; of both the U-2 and low altitude photographs
reveals many changes have taken place. Scale.difference'precludes
inclusion of all 1955 photographs, but a small portion of the area

is shown in Figure 3-6.

A number of significant changes can be seen: replace-
ment of dense Kiawe with agriculture, reduction of dense Kiawe due
to grazing in upland areas, increase of mangrove seaward. How-

ever, the sedimentaticn, algae and mud flat areas .are similar in

'magnitude (although not specific delineations) to the 1975

analysis. The sedimentation problem, although éggravated by
current land use, was not solely caused by these activities. No
photography earlier than 1955 was found; it would be interesting
to examine aerial photographs of this area taken prior to-the

~establishment of the mangrove swamp which has apparently helped

to stabilize the area.

This example demonstrates the importance of a systematic
data base useful to trend analysis as well as demonstrating how

remote sensing can aid in problem definition. .

*Taken by R.M. Towill, Honolulu, Hawaii.
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3.4.2 Kauai County Problem Analysis.

- Table 3-4 is a compilation of probleéems encountered .in
Kauai County having impact or effect on the coastal environment.
This list was compiled by PUSPP, the Kauai County citizens, and

. represents the first cut at identifying coastal concerns on the

Island of Kauai. Time has. precluded an in-depth analy51s of each
problem; however ESL is examining these problems to identify- those
for\which remote sensing can contribute to the solution by
identifying the location, extent, and/or causes. Preliminary

results of our investigation to date follow.

3.4.2.1 .Sedimentation, Erosion.

.An examination of large scale 1:32,500 multispectral
imagery (black and white, color and color IR) taken in 1974
reveals extensive off shore sedimentation (turbid waters) on the

southwestern and western waters of Kauai from the mouth of the

'Waimea Canyon to Barking Sands. Sedimentation plumes\severai

N

miles off shore can be identified and delineated in the imagery.
Analysis to date indicates that erosion and siltation from the
Waimea Rivef is not the sole cause of this sedimentation. In
fact, - at the time of the photographs, October 1974, little if any
sediment laden water was coming from the mouth of the river.
Exten51ve erosion, in the form of exposed soil, is common in the
southern and southwestern upland areas of the county; and these
areas are readlly identified in the color IR imagery. However,

the relationship between these er031on areas and the offshore

sediment patterns has not been established.



Table 3-4. Identified Problems Kauai County Coastal
"Environment. *

Coastal Ecosystems

Water Quality

~

e Depletion of near shore fish
populations and marine life

® Threats to bird habitats
(wetlands and non-wetlands)

® Massive fish kills

® Destruction of forest areas

® Destruction of coastal plant
life.

- Sand Resources

N

® Beach erosion and depletion -

Coastal Recreational Resources
(legal/physical)

e Conflicting recreational
activities

Historic and Cultural Resources
e Destruction of fish ponds
® Destruction of historic
- Hawaiian settlement sites.
e Destruction of post-Cook
structures.

Scenic and Aesthetic Resources

e Loss of shoreline open space.

Sedimentation

Discharge from secondary treatment

" plants

Beach park water quality

Fresh water quality (streams)

Toxic materials

Raw sewage discharges

Degradation due to sewage injection
into lava tubes

Degradation due to cesspool drainage
into coastal waters

’

‘Shoreline Development

e Development conflict with local
shoreline use

e Development conflict with
environmental concern

e Development conflict with historic
protection -

® Conflict over boat harbor siting

e Conflict over energy facility siting

e 'Conflict over desired level of

utilization of shoreline (develop-
ment versus traditional and open
space) .
e Inadequate public facilities (roads,
schools, parks, medical, water, police)
e Unplanned development '

Additional Problems Not Covered Above
e Interface with f;esh water'species
migration

*List was compiled from Pacific Urban Studies Planning Program (PUSPP)
handouts entitle "Summary of Coastal Concerns, First Problem Lists,
January-March 1976" and "Master Problem List PUSPP/CZM" dated 8 March 1976.

3-42

'



3.4.2.2 Destruction of Kiawe Trees, Forest and Coastal

Vegetation.

This task requires a baseline inventory such as

accomplished by an ESL inventory effort. Periodic assessment

“through remote sensing image analysis can establish the trend and

document quantitatively the amount of forest land by specific
type that has been lost and what has taken its place. A similar
example was encountered in this year's inventory efforts. Large
sections of land formerly in agricultural production (sugar cane,
and pineapple) are now idlé. Knowing the location and extent of
these lands can aid in estimating the long-range development

potential and changing economic structure of. the Island.

3.4.2.3 Land-Use Conflicts.

A number of the problems concern land-use conflicts
(recreation vs. developmeht etc.). Use of the multiple overlay
inventory system can help to identify those areas where conflicts
may arise. In addition to the attributes mapped during this '
year's effort, new overlays can be compiled representing impor-
tant features; e.g., historical, cultural sites and areas of
high erosion. '

‘The solution to the conflict itself, however, will
require the consideration of legal, economic and organizational

factors of the CZM program.

More detailed analysis on all of fhe listed, problems is

~ required and is recommended for consideration as a future

objective.
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4. INFORMATION DISSEMINATION AND EDUCATION.

"AWARENESS" on the part of both planners and scientists
has been discussed previously in this report and in a plethora of
publications relating ‘to the interdisciplinary importance of
suocessful planning and management. Germane to this theme,
Section 4 expounds on how ESL approaohed the task of making the
technology of remote sensing less mysterious and hence more
acceSSLble to everyone participating or interested in the Hawaii
Coastal Zone Management Program.

Over and above the numerous scheduled presentatlons and
workshops that ESL took part in, two major educational tasks were
accomplished. A data facility or centrallzed information clearing
house feasibility study was begun and partially implemented; and
- a REMOTE SENSING Seminar was held. The following subsections

thoroughly discuss each element. - _
4.1 Data Facility Alternatives.
4.1.1 - Introduction.

Now in its seécond year, DPED has been working closely
with ESL and the NatiOnal Aeronautics and Space Administration,
Ames Research Center, in the area of remote sensing technology.
Durlng 1974 and 1975, Ames Research Center obtained over 2600
high~altitude U-2 photographs of large portlons of the Hawaiian

Islands. This imagery, sent to DPED, represents extremely

valuable source information on land use, cultural and natural

\

. " . . . N 1

resources of the state. Furthermore, collected over time, this
data provides information on the changing nature of key resources

as discussed in the previous sections. The CZM program (as well

4-1°
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4,1.1 . ~= Continued.

_for years to come.

as other long-range planning programs’within DPED) is not a one
time effort and the established data base can be effectively used

I3
A

~

The mere physical existence of remote sensing data,
however; is no assurance that it will be efféctively utilized.
Some means‘must be developed to cataiog the data; and suitable
equipment must be 6btained to carry out the necessary planning,
processing, and analeis/functions discussedipréviously‘(see v
figure 2-3). The existing U-2 imagery must be used in concert
with (not as a replacement for) other types of remote sensing
data (satellite, low-altitude aircraft) and ancillary information
such as maps, charts, reports, and interpretéd results from
earlier investigations and field notes in order to dérive‘maximum
benefit. This suggests some sort of data facility or information
clearinghouse is needed to ensure effective use of the imagery

for the CzZM and related programs.

A data facility, clearly, would be beneficial in
providing (1) an efficient informational storage and inter-
pretation center, (2) uniformity.of information format
presentation, (3) a capability to update\infoﬁmation quickly
and effectively, (4)van historical data base to be used for tfend
analysis, and-(S) to establish a mechanism for inte;diséiplinary

communication essential to the success of the CzM program.



4.1.2

Study Objectives.

data facilities and plans for their implementation. Specifically,
this study addresses:
® The type of facility best suited to the needs of
the State of Hawaii
) A recommendation for a phased loﬁg—range
implementation plan
®  Specific procedures and data cataloging criteria

ESL has undertaken exploration of various alternate

for the existing in-house U-2 imagery.

4,1.3 Approach.
. The CZM information clearinghouse would carry out the
following functions: - | B
® Planning for any new data {(ground, aircraft,
satellite)
° Specify required processing and oversee its
accomplishment
e Cataibg data and perform necessary analysis and

interpreted functions

) Disseminate information to appropriate parties.

N N N B O W N e e
: :
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4.1.3 - Continued.

All functions are required, but the relative impdrtance of each

is a function of the mission of data facility. The central

. question revolVes around the charter of the data facility with

respect to the cataloging‘and indexing of the data and the
analysis of this data. ‘ ' ~

DPED is definitely interested in the derivation of

“information required in state planning. This is in contrast to

NASA Ames, which emphasizes storage and retrieval of raw data at v
its data facility. 1In any/éase, the'interpretation of the-:imagery
réquires a certain degree of cataloging and indexing. In order

to derive a suitable mix for the State of Hawaii, a matrix showing
several different levels of effort of analysis and interpretation
against several different levels of storage and retrieval is

provided (see Tabkle 4-1).

Level of Analysis Capability

Level 1 in Table 4-1 comprises the data cataloging and
review functions only. No interpretation of the data is provided
by the data facility, which would be staffed and equipped to
serve only a library function. In'most instances, analysis would
be accomplished at another location by a user, e.g., another
agency, another project within DPED. o

Level II is data cataloging with limited in-house
analysis capability. It provides for some analysis andrtechﬁical
assistance to DPED programs and outside users. However,

"extensive multiresource analysis efforts could not be under-

taken.
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4.1.3 - Continued.

Level III is data cataloging with major in-house
analysis and overall coordination. At this level, the data
facility would serve as a primary state CZIM information center
énd could supply information to other agencies on a routine bases.

It could also coordinate the data collection functions of other

~agencies to reduce cost and eliminate redundancy. It is»clear

_ that, at some point prior to this level of analysis, considera-

tions should be given -to other types of remote sensing data and
associated\anciliary information sources. '

Levels of Cataloding and Indexing . -

U-2 Data Only -- Level A

'
~

DPED has all U-2 imagery of the Hawaiian Islands

in-house. This data should be stored in a manner compatible

with user requirements. . -

U-2 Plus All Other Types of Remote Sensing Data ==
Level B

\

This data includes the indexing of low-altitude photo-

Qraphs and satellite imagery that may be used in conjunction with'
the U-2 data. As the need arises, the faCility'would also catalog
and maintain special types of remote sehsing data, such as thermal

line-scan, multispectral, and radar imagery data.



4.1.3 -- Continued.

Remote Sensing Data Plus Ancillary Information --
Level C

This data\includes the other two levels plus ancillary
information. This data would support extensive imagery analysié’
for major resource or environmental studies. Ancillary information

would be systematically stored for given analysis efforts.

The complexity and size of the cataloging function
increases significantly at each level, bringing into play the
handling of information about the location of various data sources
(rather than physical storage of the data). It would not be
necessary to store physically all the information sources in the
‘data facility proper, although it may be desirable. >For the two
lower levels of data, the implication of storing either some or

all of the data in-house is explored.*

The matrix formed by these variablés (Table i¥l) results
in 15 different scenarios for data facilities. Obviously there
are other possibilities but the 15 will serve as sufficient
alternatives to explore.

/ Each scenario was evaluated for data types, cataloging
and procedures, equipment, peréonnel, space, utility, inter-
Vgovernmental, and coordination. Thé details of this evaluation
can be found in Appendix C. Results and recommendations

appear in the next section.

*It is illogical to consider this split for Level A (U-2 only)
because all of the data is presently in-house.



4.1.4 Results and'Recommendations.

Results

The results of the scenario evaluation are presented in
Table 4~1. Scenarios 3, 4, 6, 8, 10, and 12 are eliminated as
beingéimpractical or unresponsive to the needs of the State of
Hawaii. Scenerios,z, 5, 11, 13, and 14 all have interim merit;
but, as described, each falls short of an efficient data facility
alternative. Several scenarios of this group have merit for inter-

mediate purposes; others would be suitable after modifications.

That leaves 1, 7, 9, and 15 as acceptance scenarios
providing the highest use of the data at reasonable cost. Each

of these represents a coneiaerable increase by the state in the
effective use of remote sensing technology for planning and
resource evaluation. A brief discussion of each of the acceptableu
scenarios is provided here. The reader desiring a complete

discussion of all scenarios should consult Appendix C.

Scenario 1 (Catalog and Review; U-2 Data Only

All of the U-2 data is physically present at DPED as is
some of the recommended eguipment. Completion of Scenario 1
allows for easy access to the imagery and provides the tools and
equipment necessary'for reviewing that data. The facility is
open to the public and all governmental agencies desiring to
review this data bank. Interpretative expertise, however, is
not available and must be provided by the reviewing group or
agency. (This is seen as a limiting factor, since most potential
users come in to be informed, not to ferret out predetermined
information from esoteric data.)
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Scenario 7 (Limited Analysis Provided; Multiple Data Sources)

The scope of the data facility is(increased in two
ways. First, it adds a limited, but important analysis capability
to the facility. Second, the existing U-2 imagery is integrated
with low—a1titude data or other forms of-data. A cépy of all
(high- and 1o&—altitude) imagery collected by the stéte is not
necessarily physically maintained in the facility; only that
data actually used in the analysis tasks need be maintained.
However, information about other available data is referenced in
the facility. Ancillary information needed in the analysis of
the/imagery is not systematically stored at the facility,
although the existing libfary,at DPED uhdoﬁbtedly contains much
of that required. Specific reference material isigbtained on a

task or project basis.

3 The primary emphasis of the facility is to support the
czM program; however, any other DPED program could’use the
facility to address its own special analysis tasks. It is also
expected that assistancé to other State agencies would be

provided.
Scenario 9 (Extensive Analysis Provided; Multiple Data Sourbes)v

This. expands on Scenario 7 by adding additional planners
or resource analysts with backgrounds in remote sensing to the
facility staff. The size of the analysis tasks undertaken is
increased substantiaily. Cooperative programs with other agencies
can be undertaken where mutually Beneficial, and overall informg-

tion output is increased.

N
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4.1.4  -- Continued.

Scenario 15 (Extensive Analysis Provided; Extensive Data Sources)

SN

This scenario establishes a statewide resource and

environmental center supporting a broad spectrum of agencies and

1_prbjects. Integration of ancillary data with available remote

sensing data.on a systematic basis allows very expansive evaluation
and planning tasks to proceed with a minimum of effort. Coordi-
nation of data collection and analysis programs on a state-wide
basis can result in reducing costs over time. This scenario
postulates data handling and anélysis tasks ahd requires a

computer system for efficient bpefatidn (as described here, a
stand—aibne, dedicated system is suggésted). ‘This computer

system can be an outgrowth of or a supplement to the CZM informa-

tion system presentl§>under development.

Recommendations

ESL recommends a plan of phased data facility growth
with evaluation pefiods between major phases to determine

effectiveness of operation and direction for future growth.

Phase I: Completion of Scenario 1. This phase is

presently underway; several steps remain to be completed, the_
first being to design a data cataloging and a retrieval sYstém
sﬁfficient to handle the U-2 imagery and allow for futdre
cataloging of other types of remote sensing data. Details of
this design can be found in Section 5. The second step is to

complete the purchase of required équipﬁent (see Scenario 1,

Appendix C). .
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At the completion of this phase, the data facility
can guickly determine suitable U-2 coverage for any requestor -
and have the necessary equipment to allow general-review and
evaluation of the‘high—altitude data.

l

Phase I1

A resource planner or analyst with experience in remote
sensing data analysis is added. The idea is to obtain quickly
expertise for analyzing the data. Phase II is similar to
Scenario 7. 1Initially the primary.data available for analysis
'is the 'U-2 imagery. As the need arises, additional data sources
are tapped and incorporatedkphysically into the system (e.g., U.S.
Army Corps. of Engineer low-altitude shoreline photographs).

In time, a multilevel data base evolves to represent the optimal
information system. ESL does not recommend the wholesale cata-
loging of all available data, rather the cataloging of data
required in the analysis of a given problem or resource; however,
data facility members should have information regardihg the
“availability and accessibility of other data (references). This

is an interim phase leading to Phase III.

At this point, an evaluation should be undertaken to
determine the effectiveness of the facility and ascertain what
future growth is justified and in what direction.

Phase III

A natural outgrowth of Phase II, Phase III involves

cataloging and -analysis of all types of available data required.

. v
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Should increased aﬂalysis be justified, ESL recommends

- implementation of Phase III, Scenario 9, which significantly

increases the facility's effective output and usefulness. This
phase should quickly be followed by additional evaluation and
critical review. If'justified, Phase IV, Scenario 15, can be

implemented.

It could be decided, however, that incréased analysis
of the data is being accomplished by other agencies or groups.
In this case, the data facility's function could support such
analyses. (as in Scenario 13) where the DPED data facility acts as
a. central clearing house for other projeéts or agencies, with
each agency responsible for its own analysis and DPED retaining

interpretative expertise for its own projects.

~Figure 4-1 is a éuggested_schedule for data facility
development. The schedule could, of course, be modified to meet

DPED's néeds and available funding.

ESL has discussed the concept of a data facility with
several County Planning Commissions; several state agenEies
ihcluding-the Department of Health, the Department of Land and
Natural Resources (DLNR), and interested federal agencies.‘ It
was almost unanimously concluded that a data faciiity could,. if set
up properly, be of great benefit to the state and to each
participating group or agency. The difficulty lies in obtaining
the coopefation of various. political entities. An entirely
apclitical situation is, of course,ﬁimpossiblé. Representatives
of several agencies thought the facility should fall within their

4-12
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4.1.4 -~ Continued.

domains; however, none had the mechanism or funds to justify
~ such an undertaking. -

The DLNR Division of Forestry has a second copy of
most of the available U-2 imagery and the basic eduipment
necessary to carry out interpretation. Additionally, several
staff méﬁbers have had some experience -in photo interpretation
and are presently feceiving additional training in some of ‘the
more advanced digital analysis techniques. However, the agency
interest and charter is limited to forestry related matters on
conservation lands. The suggested CIM information clearing house

requires a wider view of Hawaii's environment.
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The DPED, the present lead agency for CZM planning,
has been suggested to be the state agency responsible for CIM
administration. At present, expertise in remote sensing analysis
is supplied by contractors. DPED has established a basic facility
and is planning to increase its physical facilities and analysis
support. Should DPED retain its role as lead agency in the CZIM
program, it would require support from some information/data
secfidn, The broad nature of Coastal Zone Management would
surely justify a statewide information clearing house under CZIM
auspices and, thus, qualify it for Section 306 funding. An

information clearing center plan coofdinated‘ﬁith the Section 305

‘Plan at the time of Section 306 application will certainly

facilitate funding and Section 306 application approval.
Before the various state and county agencies turn to
the DPED facility for support 1nformatlon, a strong facility-

coordinator will have to develop a meaningful, two-way flow of_

~information. For long-term success, this should be considered

by the DPED. To achieve even minimal success in accomplishing
Phase I, a real commltment to the concept of a data facility
must be made., Allocaticon of space, purchase of equipment, and
proper staffing are real requirements and cannot be accompllshed

by a haphazard approach.

Summary of Benefits

The benefits of a central data facility are summarized
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Storage and retrieval of data is centralized.

The center offers phtographic/image interpretation;

some expertise and eguipment are available.

The coordination of data collection for agencies
_increases the cost/benefit ratioc and avoids

redundant effort.

Expertise in analyzing information needs and
defining optimal data collection procedures and
alternatives is available. This refers not only

to -CZM participation in Section 306 informqtion '
requirements but also to precise/sénsoi definition,
and film types, instructions as to sensor arrange-
ment, and filter combinations.

The state is able to liaison easily with federal
agencies such as NASA.

Requirements of many users (CZM, land use, general

plan, forestry) are consolidated.

There is opportunity for in-house training of
DPED and other personnel.

The center provides DPED CZM support staff with
resource expertise necessary for thorough partici-

pation in Section 306 work.
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‘® There is liaison between technical, planning,
legal, and political elements of the CZM program.

4.1.5 Data Facility Cataloging System.

It is essential that any type of data to be stored be
catalbged in a manner allowing easy access for ‘a broad spectrum
of applications. The following photographic data indexing system

has been devised to aid DPED in catéloging the'existing U-2 data

- and to accommodate any future U-2 data obtained. 1In addition,

other types of data, such as low-altitude aircraft photography

and satellite imagery, can be'readily incorporated into the

the cataloging system. This allows for maximum future expansion
of the data facility with minimum cataloging and indexing
conflicts. ‘ '

Use of this system for the existing U-2 imagery places
the data facility in a position equivalent to that descfibed in
Scenario 1. It is the first step towards the creation of an
expanded and highly useful facility. 1In addition, this manual

system may be easily incorporated into any future computerized

system.
Description

_ Film identification and storage is to be based on the
following parameters: (1) coverage by island, (2) platform,

(3) year of coverage, (4) spectral band (film-filter type), and

(5) sourcé identification number (NASA, Corps, etc.).
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Each island is assigned a different identification

parameter'as follows;

Ch - O©Oahu

Ma =~ Maui ' » -
Ha - ~Hawaii ‘

.Ka - Kauai

Mo - Molokai

La - Lanai Vs

Hk - Kahoolawe (ihcluding Molokini)
Ni - Niihau (including Lehau)

The second parameter isrplatform.' A two-digit code
allows for up to 99 different platform designations. The
code 01 is reserved for the NASA high-altitude U-2 aircraft. The
- code 02 will be used to designate specific U.S. Army Corps of
Engineér_photographs. As other data such as Landsat C Satellite
imagery or thermal line scans become available, a permanent -
designatiOn number will be assigned.

The third parameter is the\yearkof the data coverage.
For examgle, all U-2 photographic coverage obtained over Oahu
.in 1974 will be coded Oh-0l-74. U-2 coverage of Maui in the
same year is coded Ma-01-74. . S o

The fourth parameter is spectral band or film-filter
combination. The actual spectral limits on film filter combina-
tion could be included in an identifier; however, a two-digit
spectral band code is suggested. The number of different film .

\
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filter types is limited,

and the data facility personnel will

quickly remember the code.

 Table 4-2.

Present Film—Filtef/Spectral Band -Combinations

Codes

Spectral Band

Film/Filters

01

02
03

04

05

06

07.

510-900

400-700
510-700

460-580

475-575

~

580-680

nm

nm

540-590

EK S0O-127-Aerochrome

Infrared (color) film

Wratten 12 built-in
Additional CC filters
for response calibration

EK SO-242-Aerial

" Color film. ©No filters.

EK 3400-Panatomic X Film._'

Wratten 12 filter

EK FE- 3432—Experimental~
Water penetration fllm

-W4 filter

EK 3400-Panatomic X Fiim/

Schott GG-475 and Schott

BG 18 filters

‘EK 3400-Panatomic X Film/

Schott 0G 570 and Schott

'BG 38 filters

EK 3400-Panatomic X Film/
Wratten 21 and Wratten 57
filters .

Additional codeé éan be

added as required.

Existing codes are shown in Table 4-2.

18
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The advantages of including spectral band>asia direct

. indexing (storage) parameter (rather than as a secondary para-
meter) lie in the comparative analysis of two different film rolls
over the same area. In 1975 the dual RC-10 sensor on board the-

- NASA U-2 obtained both true color and color infrared over the
islands; these will be stored in separate cans to facilitate

simultaneous analysis.

An example of this parameter is given by Oh-01-75 01,
Oh-01-75-02. The first code indicated coverage of Oahu (OCh) by
the U-2 (01) in 1975 using color infrared film. (01). The second

code is Oahubcoverage by the U-2 in 1975 with-true color film.

Additionally, a 4-digit source identification number
will be included. Should, for example, the platform be U-2, the
NASA accession number would be retained in order to identify any
given portion of a film roll with a specific U-2 flight. Reten-
tion of this number facilitateé easy ordering of the data from
NASA or the EROS Data Center, USDI or referencing to specific
NASA flight éocumentation (Flight Summary Reports). Furthermore,
the need for unnecessary cross-referencing and document storage
within‘the data facility"is eliminated if new roll numbers are

assigned to the data.

The NASA accession number then becomeslpart of the data
identifier as follows: Oh-01-74-01-1951. The roll number may
refer to an entire photographic roll or only a specific portion.l

lThe NASA rolls typically criss-cross several islands. These will

be broken down by island to facilitate analysis.
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All data of a-given film type taken over one specific
island in any given year shduld then be spliced together into
one or more film storage cans. These cans should be clearly
labeled on. the outside indicating the island of coverage, platform
year of coverage, NASA roll number and frame numbers contained

within. Figure 4-~2 illustrates.a sample label.

The label indicates that five different film rolls (or
portions of them) are contained and that they constitute color
infrared, U-2 coverage of Oahu for 1974. 1If multiple cans are
necessary to store all of the photographic coverage over one
island in a given year, they should be clearly labeled as Part A,

Part B, and so on.

OH-01-74-01
ROLLS
01933 {1--24)
01942 (13--15)
01943 (9-52) A
01944 (1--7) PART A
01951 (69--92) :

. Figure 4-2. Typical Film Cannister StoragebLabel



~4.1.5 ' —= Continued.

- In addition, each roll, or portion of a roll contained

within a can, should be identified with a leading- frisket so

that the user will know exactly which roll he is looking at. The
combinatioﬁ of a roll and the frame number (which is imaged
directly on the frame) will enable the user to identify a specific
photographic scene for study purposes of order additional
copies -of the data (prints or transparencies) from the proper
agencies. Flight summary reports and NASA flight track maps
should be available to aid in the identification of/other‘data
parameters'of a given film roll which are not necessarily printed
~on the film roll frisket. These\parameters include such things.
as camera focal length, flighg altitude, and séale of imagery.

In many cases, however, the data manager should have sufficient
familiarity with the data to answer many guestions without going
to the documentation.

* Associated with each film can will be a series of
page-size maps indicating the exact coverage of the data. These
maps will be of two specific types; the first will show all the
coverage over a given island for a specific year (detailed in
flight line format, similar to the format proﬁuced by NASA).

Each line on this map will be clearly labeled with the associated
roll number (see Figure 4-2). Thése maps will consist of a single
primary coverage map (PCM) per storage cannister to identify

generally the phofographic coverage (see Figure 4-3A).,

The second map types show the individual roll coverage
(one map per roll) in frame outline format indicating exactly the
area of coverage. Figure 4-3B shows Oahu coverage by the U-2 in
1974 with color infrared NASA roll number 01951 frames 65-92.

4-21
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Figure 4-3A. Example of a Primary (Flight Line)
Coverage Map (PCM). :

I\

- .
OH-01-74-01, 01951 (69-92) i

Figure 4-3B. Example of Individual (Frame by Frame)
Coverage Map {(ICM)
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Thus, a set of maps comprises all of the photographic
coverag_e over a given island in a speéific year and refers to
only that data stored within the film can labeled with similar
parameters. A set of ‘such maps appears in Figure 4-4.

INDIVIDUAL COVERAGE MAPS (ICM)'S ' I\ OH.01.7401-1951 {1.-24}
I OH-01.74-01-01944 (1--7) -
I OH-01-74-01-01943 (9-52)
l OH-01-74-01-01942 (13--15)
I  OH01-74-01.01933 (1-24)
OH:01-74.01 B
-

PRIMARY
COVERAGE
MAP (PCM)

| Il e
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The four digit U~2 assession number on the ‘identifier
can be used for other data source identifiers. The initial two
digits identify source, and the last four digits can add 'to the
precision of any data source identification.

The combination of these maps and the use of the
prev1ously mentioned film labeling and storage procedure will
facilitate efficient data handling and search procedures. This.
system is designed, at present, to handle U-2 photography avail-
able at DPED. It feadily converts to the storage of other types
. of data. To do this it i1s necessary only to substitute the

specific data identifier for the NASA assession number.

4.2 Seminar.

- On March 24-25, 1976, ESL conducted a Remote Sensing
Seminar at the Ale Moana Hotel, Honolulu, under the direction and
guidance of the DPED/CZM staff. The primary purpose for conducting
a seminar of this type was to aquaint interested 01tlzens in
Hawaii with the remote sensing technology available for inventorying
natural resources within the state. In addition, the seminar
provided the latest information available regarding the "state-
of~-the~art" and projetts in remote sensing technology anticipated

in the future.

There were. numerous participating agencies;and groups
each of whom demonstrated various methods of application and uses
of remote sensing data. Table 4-3 contains a list of these
participants and their topics of presentation.



' Table 4-3.

List of Speakers at Hawaii C2ZM Remote Sensing Seminar

Hideto Kono
Director .
Department of Plannlng & .
Economlc Development

Gary Gnauck
Senior Resource Scientist
Electromagnetic Systems
Laboratories, Inc.

Ed Van Vlieck .
Research Scientist
NASA/Ames Research Center

, Ray Tabata
Marine Environment Specialist
Sea Grant Program, Un1vers1ty
of Hawa11

Virginia Macdonald.

' Planner

Department of Planning &
Economic Development

Len Zuras
Technical Staff
Electromagnetic Systems
Laboratories, Inc.

Richard Witmer
Geography Program
Geological Survey
U:S. Department of the
Interior

Leonard Gaydos
-Geography .Program
Geclogical Survey
U.S. Department of the’

Interior

"Welcome"

"General Introduction to
Remote Sensing"

-

"NASA's Remote Sensing Pro-

grams; Present and Future
Examples of NASA's Remote
Sensing Applications”

"NOAA's 'It's Your Coast'
"Movie"

3

"CZM Hawaii Slide Show"

MApplications of Aircraft

Photographic Data"

"USGS Land Use Mapping":

"USGS Land Use Mapping"

\



Forestry Division
State Department of Land &
Natural Resources

Jim Nichols
Manager, Earth Resources
Application -
Electromagnetic Systems
Laboratories, Inc.

Art Reed
Professor
Department-of Zoclogy
University of Hawaii

Bill Liggett - . -
System Management
Coordinator
Pacific Urban Studies &
Planning Program
University of Hawaii

Chris Christoffels
Planner
DPED Seminar Moderator &
" Coordinator
Department of Planning &
Economic Development

Larry Chime
Resource Scientist
Electromagnetic Systems
Laboratories, Inc.

" Table 4-3. =-- Continued.
Ed Petteys "Application of Remote Sensing
Forester in Hawaiian Forestry" ‘

’

"LANDSAT Multi-Level Inventory;
Procedures & Applications"
(Pacific Northwest Regional
Commission)

"U-2 Photos and Marine
Education"

"CZM Data Inventory System
Slide Show"

"DPED Data Facility Status
and Availability"

"Relationship of Remote
Sensing Technology and the
" Hawaii CZM Program"
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The seminar was well received and emphasized the use of

many formats and types of data and how to best apply specific data

types to individual application problems. Attendees were given
amp le opportunity at the end of each session to question the
speakers via a panel discussion format. Most sought information
on how to obtain certain.types_of data (e.g., low altitude photo-

- graphy, ‘U-2 photography, skylab, and ERTS imagery, etc.) and how
to make the most beneficial use of the imagery for their. specific ‘
applications. - Such questions were answered by the panel members
or, if necessary, referred to other sources for more precise

information.

The following is a list of the primary sbeakers at the

seminar and a brief synopsis of each topic:

1. General Introduction to Remote Sensing

Gary E. Gnauck .
Sr. Technical Scientist, ESL Incorporated
Hawaii CZMP Consultant

Mr. Gnauck defined remote sensing and explained'the
fundamentals upon which the technology is built
including: (a) introduction to the theory with

> o emphasis of the properties of electromagnetic
energy, (b) the various types of sensors and ‘
detectors that are used to record the energy,
(c) the data analysis techniques employed to.
derive useful informatioﬁ, and (d) an overview of

applications.

g VAV AN
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NASA's Remote Sensing Programs; Present and Future

"Examples of NASA's Remote Sensing Applications

Ed Van Vleck
Research ‘Scientist
NASA/Ames Research Center

Remote "sensing capabilities oficurrent satellites
and aircraft and near future satellites were
discussed to familiarize‘the workshop participants

with NASA's efforts in»this“area{:

A short overview of NASA's diverse remote sensing
applications activities were discussed. Several
on'going projects,»such as the Pacific Northwest

Land Resources Inventory Demonstratlon PrOJect, and

Jthe Hawaii DPED Coastal Zone Management Project,
 were discussed to show how NASA works with state
,governments in transferring the technology for

. using remotely sensed data. R -

Applications of Aircraft Photographic Data

~

~Leonard Zuras

Member Technical‘Staff ESL Incorporated

‘Topics of discussion included the interpretive

applications of high and low altitude aircraft -
derived photographic data. The various applications .

of specific film types 1nclud1ng color, color

_ 1nfrared and black and white, as well as their

spectral characteristics, were presented The
use of these films as data sources for determining

4-28
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'

" and processing of remotely sensed data for the

‘reviewed. Discussion included future areas to be

-Application ¢of Remote Sensing in Hawaiian Forestry

land use and land inventory analysis in Hawaii was
emphasized through visual presentation.: Additionally, .
information regarding the past and future deploy-
ments of the NASA U-2 aircraft to- Hawaii were
discussed. This included description of the project
itself and availability of U-2 photographic data to

the general public and governmental agencies.

USGS Land Use Mapping

Richard Witmer and lLeonard Gaydos -

Geography Program ' :
Geological Survey )
U.S. Department of Interior

Topics of discussion included the interpretation

production of Land-Use maps on the eastern coast:

of the U.S8. Typical maps were presented and

mappéd covered by this proéram and the availability
of these maps. Additionally, examples of on-going

ERTS analysis and machine processing technigques

~

were reviewed including a discussion of the results.

Edwin Q. P. Petteys .
Timber Survey Forester

The use of remote sensing techniques and materials
is not new to the Hawaii Division of Forestry and

its cooperator, the U.S. Forest Service. Aerial

P
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photographs and their ancillary equipment have been
in use since the late 1950's. Products resulting
from the use of these photographs include three

major forest inventories, a forest type map set, a

forest plantation map set, countless small inVentories,

referencing aids, and foreSt‘condition information.
They have'recently completad a forest trend and
condition study as‘part of the ohia decline project,
and a similar job is underway for the mamane forest
type on Mauna Kea. They have begn-using the U-2
high altitude>imagery in some of the recent ohia |
work, and anticipate mbre intensive usé éf this
material as familiarity with it grows. They are

cooperating with the EROS Data Center in investiga-

“ting new methods for our future condition studies,

and the possible use of satellite imagery in their

programs.

- LANDSAT Multi-Level Inventory; Procedures and

Applications

James D. Nichols :

Manager, Resource Applications Department
ESL Incorporated

Hawaii CZMP Consultant

An interdisciplinary interagency renewable resource

‘survey, inventory, and mapping system based on

computer—-analyzed LANDSAT multi-spectral scanner
data is a cost-effective alternative as support to
the independent information gatherihg procedures

now being used. This statement is supported by the

4-30
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increasing evidence that .through proper human-_
computer analysis of LANDSAT multispectral data,
much of the information necessary for resource
allocation, management, inventory assessment, and
mapping can be obtained very cost-effectively.. By
complementing this LANDSAT derived data base,
through the use of minimal analysis of small-scale
photography, large-scale photography, and ground

" data, one can meet or exceed the current information -

gathering standards imposed on the various agencies’
involved in the management of our renewable natural.
resources. This presentation discussed the general
theory and methodology>for‘integrating the multiple
information sources with an example of its

a

implementation.

U~2 Photos and Marine Education

" -S. Arthur Reed 4
~ Zoology Department

University of Hawaii

In 1975 and 1974 the NASA Earth Resources Aircraft
Project (ERAP) performed high-altitude photographic

overflights of some coastal areas of the Hawaiian

Islands in the U-2 reconnalssance aircraft. Resulting

9" x 18" transparencies on Aerochrome Infrared film

(s0-127) and aerial color film (SO-242) are.of
excellent image quality and show multiple overlapping
wave swell and sea patterns in the open ocean and

near shore.

¢ .
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Smaller sections of these photo images were re-
photographed on 35 mm Kodachrome 25 color film,‘
using coior balancing filters and camera support,
and employed as a teaching resource in a unit on
ocean waves in the Hawaii Marine Studies Science
Curriculum Project now being developed for high

school students.

In the wave unit, students were introduced to
fundamentals of wave phenomena through observations
and measurements taken in wave tanks, ripple tanks,
8 mm film loops, and reading materials. As a culmi-
national for the unit, the students were asked to
analyze the complex wave patterns shown in the NASA
aerial photos. Such wave phenomena as long period
ocean sweels; short wind driven wave chop; inter-
ference patterns of wave energies; reflection,
refraction, and diffraction of waves; focusing of
wéve energy on beaches; effect of harbor design on
wave patterns are all vividly shown with great
clarity on these—photographs.
Details of techniques for photocopying onto 35 mm
film and the use of these photos by studénts were

presented.
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8.

DPED Data Fac1llty Status and Avallablllty

Chris Christoffels

Planner

DPED Seminar Moderator & Coordlnator

Department of Planning and Economic Development
State of Hawaii

Topics of discussion included presently available
temote sensing information sources retained at the
DPED data facility. Future data source availability,
and opportunities for obtaining remote sensing

imagery from other agencies were also presented.

Relationship of Remote Sensing Technology and the

Hawaii CZM program . ' -

Lawrence R. Chime
Resource Scientist, ESL‘Incorporated
Hawaii CZMP Consultant

Summarizing remote sensing techniques and applica-

tions presented at the seminar}-Mr. Chime correlated

how these could be and arevbeing utilized in planning,

implementing and monitoring the Coastal Zone Manage-

ment Program in Hawaii. Also discussed were new

,seneors,~film types'and,display techniques,

previously unavailable, and hdw they offer
opportunities to produce accurate, documented and
persuasive management tools for presentation to
concerned public, private and governmehtal agencies.
Examples of CZIM output products were exhibited and
efficiency parameters'Which optimize utilization

addressed.
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4,2 --. Continued.

The seminar repfesentéd a significant opportunity for
ESL to demonstrate the efficiency and cost-effectiveness remote
sensing data for‘resodrce inventory purposés. A significant
amount of resource information has already been éathered over the

state of Hawaii through this technology and is curreﬁtly available

for CZM utilization in addressing the information requirements

germane to proper planning and management of the Coastal Zone. =

Table 4-4 represents a list of .those persons registeréd

at the seminar and the various groups or agencies each represented.



Table 4-4. ESL Seminar - Attendees °
 No. Agency Names - B
1. U.H., Zoology Dept. S. Arthur Reed 7
2. Dept. Defense Robert E. Schank, Civil Def.
3. U.H., Botany Dept. . Linda L. Smith
4, U.S. Fish & Wildlife Serv. Maurice H. Taylor, Ecol. DlV.
5. U. H., Agronomy & Soil Ssc. Haroyoshl Ikawa
6. | U.S. Soil Conservatlon
Serv. Oran F. Balley
7. U.S. Agric. Research Serv. | Kiichi Ohinata
8. | Dept. of Land & Nat. Res. ,
' State Parks ) R. Sue
9. DLNR, Forestry Div. Edwin Q. P. Petteys
~10. | Mogi Planning & Res. H. Mogi, H.P. McGuire, Jr.
11. Tryck, Nyman & Hayes David Cook, Douglas Lucas
12, U.H., Hawaii Institute
of Geophysics J. Frisbee Campbell
13. Kauai,Water Dept. Walter L. Briant, Jr.,
Wayne Hinazumi
14. DLNR, Forestry -Div. Carl T. Masaki
15. U.H., J.K.K. Look Lab.
Ocean Engrs. George Weber :
l6. DPED, CIP Branch Robert Hee, Norm Shiroma .
17. U.H., Hawaii Instit. of ‘ :
Marine Biology John Corbin, Dick Brock
18. U.H., J.K.K. Look Lab. .
Ocean Engrs. John T. O'Brien
19. Bishop Museum, Pacific
Scientific Info. Center Lee S. Moteler
20. ‘Hawaii Co., Dept. of
Water Supply William H. Sewake
21. DPED, State Policy Plan
Div. Patrick Ribellia
22. Hawaii Co., Planning Dept. | Sydney Fuke, Norm Hayashi,
Lani Bowmann
23. U.H., Geography Dept. Sen. Dou Chang,
) Geo. Sakasegame,
, Michael Thomas
24, C. & Co., Bd. of Water
Supply ) Chester Lac, Glenn Bauer
25. Sam O. Hirota, Inc. Dr. Dennis Hirota
26. U.H., Water Res. Res. Ctr. | Henry Gee,
Edwin T. Hurabayashi
27. DPED, Land Use Comm. Ah Sung Leong




Table 4-4. -- Continued.
No. ‘Agency Names
28. | Office of Marine Affairs
Coord. Howard Pennington
29. Maui Co., Planning Dept. John Min -
30. Kauai Co., Planning Dept. Bert Matsumoto, Tomoo Hiranaka
31. Bishop Museun,
Anthropology Dept. Dr. Patric G. McCoy
32. U.S. Corps of Engrs. James E. Maragos, James A. Roy,
~ Kalino Vernon
33. |. DPED, Long Range Planning
Bureau R. Poirier, V. MacDonald,
C. Takahashi, C. Christoffels,
B. Lew ' :
34. Health Dept., Environ.

35.
36.
37.

38.

39.
40.

41.

42.

43.

44.

45.
46 .

47.

Hlth.

DPED, Land Use Div.

DOT, Habors Div.

Hawaii Co., Dept. of
Res. & Development
DPED, Res. & Econanalysis
Div.
U.H., PUSPP .

U.S. Dept. of Agric.
Statistical Reporting
Serv.

U.H. HESL

U.S5. Naval Facil. Engrg.
Com., Pacific Div.

DOT, Statewide Trans.
Planning Office

R.M. Towill Corp.

U.H., Dept. of Geography
DOT, Highways Div.

C. & Co., Dept. of Land
Utilization

Eugene Akazawa, Edwin Kubeta,
Kazuto Sheshido

Tatsuo Fujimoto,
Gordan Furutani

Melvin Lepine, Dan Tnaka,
John Lee

Marvin Uda, Yoehio Watmiase
Paul J. Schwino, Lynn Y.S. Zane.

Kem Lowrey, Margo Stahl,
Bob Stanfield, Vern Umebu

Lloyd Garrett

Bill Leggett, Kurt Von Nieder,
Dieter M. Dumb01s,
John Rookie

Allen Matsuoka

Bennett Mark

Douglas Mukai, F.D. "Bud"
Vuillemot

Margaret Elliott

Dennis Santo, Nardess Awana,
Douglas Obimoto, Harold Zane

1 rep.

4-36
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-- Continued.

Dept. Public Works,
Sewers Div. -

Table 4-4. .
No. Agency Names
48. (Various) DPED/USGS/NASA/
' ESL — H. Kono, F. Skrivanek,
R. Witmer, L. Gaydos,
L. Zuras, J. Nichols,.
L. Chime, G. Gnauck,
' : E. Van Vleck
49, Office of Environ. Quality
Control - ” Richard Scudder, Mike Lim
Geo. Matsumoto, Lesue Asari,
Thomas Nakama, Nancy Brown
50. '| DLNR Walter Watson, Dan Lum,
o . Paul Makuo, Noboru Kaneguro
51. Dept. of Agriculture Robert Miura, Robert Nagao,
' Larry Nakahara
.52 Haw. Water Resources '
Reg. Study Harry Sato
53. C. & Co., Dept. of Land '
Utilization : Robert Duncan
54, Hawaii Co., .Dept. of ,
Parks & Recreation Glenn Miyao
55. U.S. Geological Survey ) o
\ Water Resources Frank Hidaka, Sauvyn S.W. Ghinn,
Robert Dale, Chas. Ewart,
Iwao Matsuoka, Richard Nakahara,
Harold Sexton, Kiyoshi Takasaki,
Santos Valenciano
56. U.H., Kewalo Marine Lab. Shepard Williams
57. U.S. Geological Survey . )
o : o Pete Peterson (Retired)’
58. C. & Co., Honolulu,

Robert Ishida, J. Hamai

-
- ) . .
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APPENDIX A

STATEWIDE WETLANDS MAPPING

This appendix provides the phase one wetland data
sheets for each county in the state. The reader desiring to
review actual wetlands maps should contact Department of Planning

and Economic Development, Kamaulu Building, Honolulu, Hawaii.
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KAUAI COUNTY WETLANDS (PHASE ONE)

Twenty three (23) wetland or possible wetland areas

have been identified on Kauai and Niihau Islands.

Number Designation.

Each wetland isbdesignated by number and its. corres-
ponding USGS 7 1/2 minute quadrangle map. An accompanying mylar
overlay registered to the quadrangle map illustrates each wetland

delineation. - N

Letter Designation.

Letter designations indicate that a wetland identified

6hvexisting USGS quadrangle maps no longer exists. Agriculture,

~urban expansion or .some other use has resulted in its

disappearance.

Photographic Information.

o,
\

Phase One's task was to locate wetland and possible

wetland areas through the use of aerial photographic'techniques.

" Two sources of information were utilized:

1. 1974 and 1975 NASA U-2 High Altitude Aircraft
Color Infrared (S0-127) photographs at scales of
1:65,000 and 1:32,500.



2. 1975 and 1976 U.S. Army Corps of Engineers Low
Altitude Black and White ﬁhctographs at a scale
of 1:6,000. ‘

All information required for locating the precise photo-
graph utilized is included. To observe particulafrsités with a
stereoscopic viewer, the framés preceding or following those
listed should also be obtained. Photography is available at
DPED, Coastal Zone Management offices or at the offices of the

U.S. Army Corps of Engineers.

Corps Imagery Overlay No.

To identify a wetland boundary with further precisionf
an overlay of the 1:6,000 scale imagery is included. overlay the
correct mylar with its corresponding photograph for a detailed
delineation of the wetland. These low altitude photographs exist
only along the“éhoreline_areas; inland wetlands are covered with
U-2 imagery only. These are identified in the ?Corps_lmagery
Overlay No.column. .

: .
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Corps Imagery

Wetland Number - : __Overlay No,.

Hanapepe Quad 1. Definite wetland - salt marsh/pond
NASA Flight #74185, Access #01951,
Frames 1155 (10/74) (1:65,000 scale)
Corps - Kauai, Frame 1-287 (4/10/75) >
(1:6000 scale) . Cl

Comment: Little or no vegetation,
mostly salt mud flat.

2. Possible wetland - Poopueo Reservoir
NASA Flight #74185, Access #01951,
Frames 1155 (10/74)

. Comment: This is & resexrvoir area,
not typically- included in "wetlands.
Reservoir appears to-be filling in
with vegetation. : .

Koloa Quad Wetland -marked on USGS Quad (Koloa
'1963); however, photo: interpreta-
tion identifies that area as
pasture.

NASA Flight #85108, Access #02147
(L:65,000 scale)

- ~ . Frame 2965 (7/75).

3. Possible ‘wetlanhd = Waita-Reservqir
NASA Flight #75108, Access #02147, .
Frame 2965 (7/75)

Comment: Marsh type vegetation on
North rim and Western bay of
reservoir.



Wetland Nuﬁber

Koloa/Hanapepe
Quads 4.
Lihue Quad - 5.

Possible wetland - Nomilo fishpond
(south end)
Corps Kauai, Frame 1-306 (4/10/75)
Corps Kauai, Frame 1-304- (4/10/75)
NASA Flight -75-115, Access 02155,
Frame 3207 (7/75) ) ‘
(1:65,000 scale)

Comment: A possible, very small, wet-
“land on the South end of Nomilo

fishpond. The heavy dense brush
vegetation on the steep sides of the
fishpond is probably Koa-hoale/Kiawe.
Alsc in vicinity are several
additional possible wetlands that

are small, but should be field checked.

Wetland Menehune fishpond/Huleia stream
area; mangrove and marsh vegetation;

“inland turns into lowland meadow.

NASA Flight #75108, Access #02147,
Frame #2960

(1:65,000 scale)

Corps Kaual Frame 1-13 (4/12/75)

Comment: Riparian type wetland.
Wetland, Niumalu Flat -
NASA Flight 75108, Access #02147,
Frame 2960
Corps Kauai Prame 1-17 (4/12/75)

Comment: Signature on U-2 suggests
rush and Californiagrass.

" Corps Imagery

Qverlay No.
c2
Cc3
c4
(o)
A-5

’

,

~
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Lihue/Koloa
Quads

Xapaa Quad

B.

Corps Imagery

Wetland Number _ ~Querlay No.
7. Possible wetland - Huleia Tributary‘r h

coming through upland pasture area.
NASA Flight #75108, Access #02147,
Frame 2960 (7/75) )

Comment: Some wet soil and standing
water is evident, but area is heavily
pastured. Area may contain sparse °’

marsh plants.

‘Called out on USGS Quad (Kapaa, 1963)

as wetland. Photo interpretation
identifies much of this area now in
agriculture.
NASA Flight #75108, Access #02147,
Frame 2960 (7/75) |

Comment: This area is used as a

pasture, overstudy 1s Hau and Java
plum. Many of the trees have been
cut to encourage forage production.

‘Possible wetland -

NASA Flight #75108, Access #02147,

Frame 2960

Corps Kauai 1-37 _

(NASA Flight 74-179, Access #01942,

Frame 64) ce
Comment: This area consists of
various grasses and herbaceous
vegetation. The high altitude U-2

- imagery exhibits a dark bluish signa-

ture typical of wet soil. This is
probably a temporary condition,  but

~area should be field checked.



- Kapaa Quad

(continued)

Anahola Quad

Corps Imagery

Wetland Number Overlay No.

9.

10.

Wetland - Mauka of Kapaa
NASA Flight #75105, Access #02147
(1:65,000 scale)
Frame 2958 (7/75) _ -

Comment: Wetland consists of open
water and marsh vegetation surrounded
by woody brush species. The area was
not field checked. Infrared signature
analysis indicates a mixture of
species with various rushes and Cali-
forniagrass probably dominating.

Woody vegetation is probably Hau,
Christmas berry, Pluchea with Java
plum and possibly ironwood.

Wetland - Anahola Valley
NASA Flight #75105, Access #02147,
Frame #2957 (7/75)
(1:65,000 scale) )
Corps Kauai - Frame 1-70 (4/12/75) ~ c7

Comment: Wetland area gradually
changing into waste field as one pro-
gresses Mauka of wetland. Probable
vegetation types in wetland are
various grasses and sedges with Cali-
forniagrass predominating. Pluchea,
Christmas berry and Java plum in
surrounding area with ironwood, -~
castor bean and Caesalpinia sp. also
present. The area appears to have
been partially drained.

v

\ .

-,.

A



Wetland Number

Hanalei 11. Wetland - near Hanalei Bay
i NASA Flight #74-179, Access #01942
Frame #0022 (10/74) (1:32,500 sacle)
Corps Kauai - Frame 1-134 (4/10/75)

Comment: Open water marsh wetland area
grading into mixed forest. Specific
wetland not field-checked, but likely
vegetation in wetland proper would be
rushes, sedges, grasses and Pluchea
with Java plum, guava, Hau, scattered
mango, ironwood, palm trees and

banana.

12. Possible Wetland
NASA Flight #74-179, Access #01942,
Frame #0022 (10/74)
(1:32,500 scale)
Corps Kauai Frame 1-129

Comment: Signature on U-2 and low
altitude Corps imagery is lowland
grass and marsh area; should be field-
checked.

C. Called out ‘on USGS Quad (Hanalei) .as
wetland - appears on photography to be
developed into agriculture area.

NASA Flight #74-179, Access #01942,
Frame #0022 (10/74)
(1:32,500 scale)

13. Wetland - nearing climax stage -
pasture and spotted marsh areas -
- near Kalihiwai Stream
' NASA Flight #75108, Access #02147,
Frame #2970 (7/75)
(1:65,000 scale)

QOverlay No.

.Corps Imagery

c8

Cl1



Corps Imagery

Wetland Number Qverlay No.
Hanalei Comment: This is a remnant upland
(continued) marsh area. The area is a mixture of

brush, meadow and marsh and the plant
.species highly variable. Field check
revealed region contains a few
scattered wet marshy areas about 1/4
to 1 acre in size. The remainder of
the area appears well .drained due to
good natural drainage system. Area
is lightly pastured. Plant species
present include common guava, straw-
berry guava, Kikui, Ohia-Lehua, false
staghorn fern, Pandanus, Malabar
melastome, shoebutton ardisia, various -
grasses (Paspalum sp., Digitaria sp.,
Axonopus sp.); ferns (Nephorlepis
exaltata) and club moss (Lycopodium
cernuum) are also common.

14. Possible Wetland - lowland meadow near
Wainiha Stream, r
NASA Flight #75115, Access #02155,
Frame 3200 (7/75)
(1:65,000 scale) .
Corps Kauai 1-142 (4/10/75) _ _ co

Comment: Area is a lowland meadow

used for pasture. Remnant marsh plant

species may be found. (If this area ,
is designated as wetland after field

check, other stream mouth lowland

areas should also be field checked

for possible inclusion.)

Haena . 15, Wgtland
: NASA Flight #75115, Access #03255,
Frame 3200 (7/75)
(1:65,000 scale)

Comment: Signature indicates primary
species as Californiagrass and rush.

N
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Wetlané Number

~

- Haena 16.

Waimea
Waialeale
Quads

Hanapepe Quad 17, .

Wetland - Alakai Swamp
NASA Flight #75115, Access #02155,
Frames 3198, 3199, 3200 (7/75)
(1:65,000 scale)

Comment: Swamp as outlined on quad
sheets follows contour lines .and is
only approximate. Similarly, exact
limits of swamp not discernible on
U-2 photos, however, treeless areas
within swamp are easily delineated.
In the open areas the dominant plant
species are Kuolohia, Hillebrand's

- panicgrass, Forbes' panicgrass and

Panicum oreoboloides.

In the stunted island or hummack areas,
common species included Ohia-Lehua,
Cheirodandron sp., Kawa'u, Pilo, Poke-
hiwa, and lousestrife. In the marginal
areas around the bog portions, typical
species .include Ohia-Lehua,
Cheirodandron sp., Kawa'u, Naupuka,
Pilo, Kauai sandalwood, Pukiawe,
several Ohelo (Vaccinium dentatum

kvr.cminutifolium, and Vaccinium

calycirum). -

Wetland by Waimea River )
NADA Flight #75115, Access #02155,
Frame 3205 (7/75) -
(1:65,000 scale) '
Corps Kauai 1-273 (4/10/75)

Comment: Former pond, now filled in
with vegetation; probably California-
grass, rushes and sedges.

Corps Imagery
Qverlay No.

-

Clo0



Koloa Quad

Niihau (15
min.) Quad

Wetland Number

18.

19.

Corps Imagery
Overlay No.

Wetland - Kanaele Swamp
"NASA Flight #75115, Access #02155,
Frame 3207 (7/75)
(1:65,000 scale)

Comment: Mountain marsh, similar to
Aldkai. ’ -
Possible wetland - Halalii Lake

NASA Flight #75-115, Access #02155,

Frame #3215 (7/75) (1:65,000 scale)

NASA Flight #74-185, Access #1951,

Frame 1963, 1964 (10/74)

(1:65,000 scale)

Comment: This wetland consists of
several mud flats and associated
plant species on the borders of
Halalii Lake, Halulu Lake and other
unnamed "dry" dashed lines as the
‘perimeters fluctuate with the rain-
fall; On the 1975 U-2 imagery
(Access, #2155), Halulu Lake is
nearly dry as is the one immediately
to the south, while Halalii Lake
retains some water. The situation
is reversed in 1974 (Access, #1951).
The most dominant vegetation
surrounding the wetland is Kiawe,
_or Kiawe and Koa-haole. Pickleweed
will probably be found in the mud
flat areas. - ’

20. Possible wetland - Kaununui Point area

NASA Flight #75-115, Access #02155
Frame #3214 (7/75) (1:65,000 scale)



Corps Imagery

Wetland Number - Overlay No.

Niihau (15

{(continued)

Hanalei Quad

Kekaha Quad

~

Comment: Possible wetland Mauka of

dammed” area. Vegetation appears to

be "flooded" Kiawe. (There are

several additional very small,

apparently temporary, wetlands along

this coast of Niihau considered too //’
small to map.)

Wetland - adjacent to Hanalei River
NASA Flight #74-179, Access #01942,
Frame #0022 (10/74)

(1:32,500 scale)

Comment: U-2 signature indicates
grasses and rushes are primary
species. )

Wetland adjacent to Hanalei River
NASA Flight #74~174, Access #01942,
Frame #0022 (10/74)

(1:32,500 scale)

Comment: Similar to Wetland #21,
mostly grass and rush.

Wetland - small separated patches
near Barking Sands.
NASA Flight #74-185, Access #01951,
Frame #1157 (10/74)
(1:65,000 scale)

Comment: This wetland contains
Sesbania tomentosa H. & A., a rare
and endangered species.




OAHU COUNTY WETLANDS (PHASE ONE)

Sixteen (16) wetland or possible wetland areas have

been identified on‘bahu Island.

Number Designation.

Each wetland is deSignated‘by number and its correspond-
ing USGS 7 1/2 minute quadrangle map. An accompanying mylar
overlay registered to.the quadrangle map illustrates each wetland

delineation.

Letter Designation.

’ Letter designations indicate that a wetland identified
on existing USGS quadrangle maps no longer exists. . Agriculture,.
urban expansion or some other use has resulted in its

disappearance.

" Photographic Information.

Phase One's task was to locate wetland and possible
wetland areas through the use of aerial photographic techniques.

Two sources of information were utilized:

1. 1974 and 1975 NASA U-2 High Altitude Aircraft
Color Infrared (SO-127) photographs at scales of -
1:65,000 and 1:32,500.



2. 1975 and 1976 U.S. Army Corpe of Engineers Low
Altitude Black and White photographs at a scale
of 1:6,000.

All information required for locating the precise photo-
graph utilized is included. To observe particular sites with a
stereoscepic viewer, the frames preceding or following those
listed should also be obtained. Photography is available at
DPED, Coastal Zone Manaéement offices or at the offices of the

U.S. Army Corps of Engineers.

Corps Imagery Overlay No.

To identify a wetland boundary with further precision

an overlay of the 1:6,000 scale imagery is included. Overlay the

- correct mylar with its corresponding photograph for a detailed

delineation of the wetland. These low altitude photographs exist

~only along the shoreline areas; inland wetlands are covered with

U-2 imagery only. These are identified in the "Corps Imagery

Overlay No." column.



Kanehoe Quad

Mokapu Quad

Kaneohe Quad

o

Wetland Number

1.

2.

3.

6.

Coastal Wetland

NASA Flight #74-179, Access #01942
Frame #0103 (10/74)
(1:32,500 scale)
Corps Oahu-2-252 (4/13/75)
Coastal Wetland -
Same (N~1) Corps Oahu-~2-245 (4/13/75)

Coastal Wetland - some mangrove by

Heeia Fishpond.
Same (N-1) Corps Oahu-2-232 (4/13/75)

Kawainui Swamp - sedge/reed marsh
NASA Flight #74-179, Access #01942
Frame #0087 (10/74)

(1:32,500 scale)

Comment: Predominant species are
Californiagrass and great bullrush.

Possible wetland near Kaelepulu Pond

Comment: Remnant marsh, part of
Kawainul swamp.

Wetland marked on USGS guads, no
longer observed - housing
development.

Possible wetland - borders sewage

treatment plant. .
Corps Oahu-2~214 (4/13/75)

Corps Imagery

Qverlay No.
c7
(ol
Cc5
c4a
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Mokapu Quad

Honolulu Quad

Waipahu and
Ewa Quad

Waianae Quad’

Kaena Quad'

Wetland Number

7.

8.

9.

10.

11.

B

Wetland - on Mokapu Peninsula
{Federal land)
NASA Flight #74-179, Access #01942,
Frame #0089 (10/74)
(1:65,000 scale)
Corps Oahu-2~167 (4/13/75)
Corps Oahu-2-201 (4/13/75)

Comment: Remnant marsh, U-2
signature indicates bare soil/salt
flat.

Possible wetland - inside Diamondhead
crater. :
NASA Flight #75-108, Access #02147
Frame #2912 (7/75)
{1:65,000 scale)
Corps Oahu-2-68 (3/25/75)

Series of small wetlands - West Lock -
Pearl Harbor
NASA Flight #75~108, Access #02147,
Frame #2916 (7/75)
(1:65,000 scale)

Comment: U-2 signature indicates
grasses and mangrove. )

Wetland - reservoirs filling in
NASA Flight #75-108, Access #02147,
Frame #2941 (7/75)
(1:65,000 scale)

Wetland - middle of Dillingham

Air Force Base
NASA Flight #75-108, Access #02147,
Frame #2941 (7/75) (1:65,000 scale)

Corps Imagery

Qverlay No,
c2
C3
cl
A~-1l6
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Wetland Number

Haleiwa 12. Remnant wetland - L
NASA Flight #75-108, Access #02147,
Frame #2947
Corps Oahu-1-252 (4/11/75)

B. Behind Kaiaka Bay - marsh/wetland
indicated on gquad but P.I. shows
U development.

13. Wetland - Ukoa Pond . v
NASA Flight #75-108, Access #02147,
Frame #2947 (7/75)
(1:65,000 scale) X
Corps Oahu-1-257 (4/11/75)

Waimea Quad 14. Possible wetland - Waimea River,
: Estuarine Sit. Mouth _
NASA Flight #75~108, Access #02147,
Frame #2948 (7/75)
(1:65,000 scale)
Corps Oahu-~1-267 (4/11/75)

Comment: Remnant; being taken -over
by U.H. Agricultural Experiment
Station. i

15. Kalou Marsh -

NASA Flight #75-108, Access #02147,

Frame #2955 (7/75)
(1:65,000 scale)
Corps Oahu-1-279 (6/3/75)

Kahuku Quad 16. Wetland areas near Kahuku Point
: (significantly reduced).
NASA Flight #75-108, Access #02147,
{ Frame #2954 (7/75)
(1:65,000 scale)
Corps Oahu-2-325 (6/3/75)

Corps Imagery
Overlay No.

Clz2

‘Cl1

Ccl0

Cco

c8
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g

: ) Corps Imagery
Wetland Numbexr ‘ Overlay No. .

Kahana .Quad C. Kahana Quad - coastal wetland
indicated; U-2 imagery cloud
~covered; should be checked on
low altitude Corps of Engineers
photography when available.

- ) A-18



HAWAII COUNTY WETLANDS (PHASE ONE)

Fourteen (l4) wetland or possible wetland areas have

. been identified on Hawaii Island.

Number Designation.

Each wetland is designated by number and its correspond-
ing USGA 7 1/2 minute quadrangle map. An accompanying mylarx
overlay registered to the quadrangle map illustrates each wetland

delineation.

Letter Designation.

Letter designations indicate that a wetland identified
on existing USGS quadrangle maps no longer exists. Agriculture,
urban expansion or some other use has resulted in its

disappearance.

Photographic Information.

Phase One's task was to locate wetland and possible
wetland areas through the use of aerial photographic techniques.

Two sources of information were utilized:
1. 1974 and 1975 NASA U-2 High Altitude Aircraft Color

Infrared (50-127) photographs at scales of
1:65,000 and 1:32,500.

— . . A-19
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2. 1975 and 1976 U.S. Army Corps of Engineers Low
Altitude Black and White photographs at a scale
of 1:6,000. '

All information required for locating the precise photo-
graph utilized is included.. To observe_particula;‘sites with a
stereoscopic viewer, the frames preceding or followihg those
listed should alsoc be obtained. “Photography is available at
DPED, Coastal Zone Management offices or at the offices of the

U.S. Army Corps of Engineers. -

Corps Imagery Overlay No.

To identify a wetland‘boundarylwith further precision
an overlay of the 1:6,000 scale imagery isbincluded. Overlay
the correct mylar‘with its corresponding photograph for a 4
detailed delineation of the wetland. These.iow altitude phofo—
graphs exist Only aléng the shoréline aféas: inland wetlands are
covered with U-2 imagery only.  These¥arevidentified in the

"Corps Imagery Overlay No." column.

L.
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Cdrps Imagery

Wetlandiumber - Overlay No.

SOUTH HAWAIT COUNTY

Kapoho Quad 1.
Punaluu) 2.
Kalae ‘ 3:
Puu «O.keokeo 4.

Kaunene Quad 5;

Fishpond filling in, near Haleka Mahina Tt
NASA Flight #75-110, Access #02149,
Frame #3111 (7/75)
(1:65,000 scale) ‘
Corps Hawaii-2-79 (1/22/76) el

Pond area - possible wetland near
Punaluu Harbor ' '
NASA .Flight #74-173, Access #01934,
Frame #0053 (10/74)
(1:32,500 scale) . )
Corps Hawaii-3-62 (11/4/75) Cc2

(

. Near Kaiole Bay - possible wetland;

coastal ponds with aguatic vegetation.
"NASA Flight #74-173, Access #01934,
Frame #0059 (10/74)
(1:32,500 scale) . .
Corps Hawaii-2-110 (11/4/75) ’ c3

"Na Manua Haalou" wetland - aerial

pliotography indicates forest canopy

with possible wetland type understory.

Photography also indicates reduction

of wetland area noted on USGS gquad. -
NASA Flight #74-185, Access #01951, . -
Frame #1107

Wetland indicated on Kaunene Quad
NASA Flight #74-185, Access #01951,
Frames #1068-1069 (stereo) (10/74)
(1:65,000 scale) .

A-21
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. Corps Imagery
Wetland Number - Overlay No.
SOUTH HAWAII COUNTY (Continued)
Kaunene Quad Comment: No spectral change indicated ’

by vegetation; however, distinct and

- easily delineated tree height difference
is seen in stereoscopic analysis,
probably due to wet soil. '

NORTH HAWAII COUNTY <

Keaau Ranch 6. Small coastal wetland around pond;
Quad near Haena
) NASA Flight #75-110, Access #02159,
Frame #3034 (7/75) -
(1:65,000 scale)
Corps Hawaii-3-62 (11/4/75) C10

Hilo Quad ) 7. Kionakapahu and Lokoaka Ponds; may be
o classified as wetlands based upon
surrounding vegetation.
NASA Flight #75-110, Access #02149,
- Frame #3031 (7/75)"
{1:65,000 scale) <
_Corps Hawaii-1-274 (1/22/76) : c4

Kukuihaele Quad 8. Waipio Valley wetland
~ NASA Flight #75-110, Access #02149,
Frame #3099 (7/75)
(1:65,000 scale
NASA Flight #75-120, Access #0215s8,
Frame #0028 (7/75)
(1:32,500 scale) - :
Corps Hawaii-1-9 (12/11/75) C5



. Corps Imagery
Wetland Number Overlay No.

NORTH HAWAII COUNTY (Continued)

Honokane Quad 9. Waimanu Valley wetland
NASA Flight #75-120, Access #02158,
Frame #0028 (7/75)
(1:32,500 scale)
Corps Hawaii-1-79 (12/11/75) _ cé

Comment: Primarily sedge surrounding
a pocket of rush/reed vegetation.
Bordered by guava, hau, mountain
apple, etc. See ESL First Year Report
for further description. -
- : 10. Pololu Valley wetland

NASA Flight #75-120, Access #02158,

" Frame #0023 (7/75) - -

(1:32,500 scale)

Corps Hawaii-1-53 (12/11/75) : c7

NASA Flight #74-173, Access #01934,

Frame #0134 (10/74)

(1:32,500 scale)

Hawi Quad . - 11. Wetland area at base and within Puuiki
Cone
- NASA Flight #74-173, Access #01934,
Frame #0133 (10/74)
(1:32,500 scale)

Kiholo Quad 12, Wetland near Kiholo Bay
'NASA Flight #74-185, Access #01951,
Frame #1128 (10/74)
(1:65,000 scale) _
(Corps Hawaii-4-224 (6/29/75) cl1
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. Corps Imagery
Wetland Number Overlay No.

NORTH HAWAII COUNTY (Continued)

Makalawena 13. Mixahaline Pond undergoing heavy .
Quad ' sedimentation near Kawikohale Point
NASA Flight #74-185, Access #01951,
Prame #1063 (10/74)
(1:65,000 scale)
Corps Hawaii-4-194 (6/29/75) ) c8

Keahole Pt. 14. Near Honokohau Bay -~ coastal wetland
NASA Flight #74-185, Access #01951,
Frame #1065 (10/74)
{1:65,000 scale) '
Corps Hawaii-4-162 (6/29/75) co



MAUI COUNTY WETLANDS (PHASE ONE)

Twenty-two (22) wetland or possible wetland areas have

\ . - ~
been identified on Maui, Molokai, Lanai and Kahoolawe Islands.

-~ ’

Number Designation.

Each wetland is designated by number and its correspond-
ing USGS 7 1/2 minute quadrahgle map. An accompanying mYlar
overlay registered to the quadrangle map illustrates each wetland

delineation. . ‘ S '

Letter Designation.

Letter designations indicate that a wetland identified
on existing USGS quadrangle maps no longer exists. Agriculture,
urban expansion or some other use has resulted in its

¢

disappearance.

Photographic Information.

Phase One's task was to locate wetland and possible
wetland areas through the use of aerial photographic technlques.

Two sources of information were utlllzed

1. 1974 and 1975 NASA U-2 High Altitude Aircraft Color
. Infrared (50-127) photographs at scales of
1:65,000 and 1:32,500.
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2. 1975 and 1976 U.S. Army Corps of Engineers Low
. Altitude Black and White photographs at a scale
of 1:6,000.

"All information required for locating the precise.photo-
graph utilized is included. To observe particular sites with a
stereoscopic viewer, the frames precediﬂg-orrfolIOWing those
listed should also be obtained. Photography is available at
DPED, Coastal Zone Management offices or at the offices of the

U.- 8., Army Corps of Engineers. _

Corps Imagery Overlay No.

-

To identify a wetland boundary with further precision
an overlay of the 1:6,000 scale imagery is included. Overlay'thé
correct mylar with its corresponding photograph for a detailed
delineation of the wetland. These low altitude photographs exist
only along the shoreline areas; inland wetlands are covered with
U-2 imagery only. These are identified in the "Corps fmagery

Overlay No." column.

A-26
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Wailuku/
Paia .Quads

Wailuku Quad

Haiku Quad

Corps Imagery

Wetland Number . . Overlay No,

Wetland - Kahana Pond - Waterfowl Refuge
'~ NASA Flight #75-115, Access #02155, -
Frame #3234 (7/75)
(1:65,000 scale)
Corps Maui-2~73 (3/26/75) ) . Cc5

Wetland ~ much filled in - remnants

remain Paukukalo
NASA - same : :
Corps Maui-2~62 (3/36/75) (ol

_Possible Wetland - Coastal - May be

inundated. with sand.
NASA - same ' N
Corps Maui-2~60 (3/26/75) CC7

Possible Wetland -~ near Waihee Pt.
NASA - same . ’
Corps Maui-2~55 (3/26/75) : L C8

Keahikauo and Eke Crater - no
photographs available (cloud cover
on all).

Comment: Delineations made from
Wailuku guadrangle map.

Possible Wetland -
NASA Flight #75-115, Access #02155,
Frame #3178 (7/75)
(1:65,000 scale)

Comment: U-2 signature indicates bare

soil wetland located in stream bottom,
may be burned over meadow.
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MAUI (Continued)

Keanae Quad

Kaupo Quad

Maalea Quad

Corps Imagery

Wetland Number . Qverlay No.

10. .

.- Possible Wetland -

NASA -.same

Comment: Possible small lake.

Possible Wetland Area near Waiakuna
Bond
NASA Flight #75-115, Access #02155,
Frame #3175 (7/75)
(1:65,000 scale)

Comment: Upland area méy be marshland
due to springs.

Kipahulu Valley - wetland - hovgood _
imagexry of actual marsh site.

Wetland - salt marsh - Kealia Pond
Area :
NASA Flight #75-115, Access #02155, -
Frame #3247 (7/75)
(1:65,000 scale)

Corps Maui~1-80 (3/26/75) Ccl
Corps Maui-1-82 (3/26/75) o c2
-Coxrps Maui~1-85 (3/26/75) Cc3

Comment: Primary species are pluchea
and pickleweed. '
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Wetland Number

MAUI (Continued) - -

Lanaina Quad 11. Wetland v
NASA Flight #75-115, Access #02155,
Frame #3160
(1:65,000 scale)
Corps Maui-1-41

Comment: NASA imagery exhibits bare
soil response, Corps imagery indicates
lake and mud flat.

MOLOKAI (MAUI COUNTY)

Molokail 12. Coastal Wetland

Airport/r - NASA Flight #75-115, Access #02155,
Kaunakakai Corps Molokai-1-283 (Cll) to
" Quads 1-300 (Cl2) (5/12/75) includes all

frames in between and Corps - Molokai
1-276 (Cl3) (7/4/75)

Comment: Seaward to pure mangrove
.swamp with salt marsh with extensive
pickleweed inland.

Kaunaquai . 13. Possible Wetland - similar to 1
Quad - . Corps Molokai-l~272 (7/4/75)

14. Wetland - fishpond area filling in
Corps Molokai-1-268- (7/4/75)

. 15. Coastal Wetlands - fishpond f£ill
; - NASA Flight #75-115, Access #02155,
' Frame #3183
(L:65,000 scale)
Corps Molckai-1-263 (7/4/75)

Corps Imagery
Qverlay No.

c4

Ccl1
Clz
Cl3

Cl4

C15

Clé
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Wetland Numbér

MOLOKAT (MAUI COUNTY) ({Continued)

Kaunakakai 16. Wetland

Quad . NASA - same
(continued) Corps Molokai-1-256 (7/4/75)

.17. Fishpond fill~in
NASA - same
Corps Molokai-1-246 (5/12/75)

18. Fishpond fill-in
NASA - same
Corps Molokai-1-243 (5/12/75)
Corps Molokai-1-241 (5/12/75)

19. Coastal Wetland
NASA - same ,
Corps Molokai-1-235 (5/12/75) . '
\20. Coastal Wetland - fishpond sedimented

in.
Corps Molokai-1~311 (5/12/75)

21. Coastal Wetland - fishpond sedimented
© in.
Corps Molokai-1-305 (5/12/75)

22. Coastal wetland - fishpond remnant
Corps Molokai-1~-225 (5/12/75)

Corps Imagery

Overlay No.

Cc1l7

c18

C1l9
Cc20

c2l

- Cce

C10

c22
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Overlay #1 -~ Land Use Districts.

Discussion of Land Use Districts as described ‘in the

State Land Use Commission Rules of Practice and Procedure and

District Regulations, .1975.

-Part II. Establishment of State Land Use Districts.

2=1. " Districts and District Maps.

In order to effectuate the purposes of the Land Use Law,
all the lands in the State shall be divided and placed into one
of the four (4) Land Use Districts:

gn
"
ng
WY

Urban District
Agricultural District
Conservation District
Rural District

'~ The boundaries 6f the above—méntioned Districts are shown on

the maps on file in the Commission office.

Not all ocean areas

and off-shore and outlying islands of the State in the Conservation
District are shown when deemed unnecessary to do so. The maps'
shall be designated as the "Land Use District Maps of the State

of Hawaii."

In establishing the boundaries of the districts in each

County, the Commission shall give consideration to the General

_"Plan of the County.



Standards for Determining District Boundaries.

The following standards shall be used in establishing

the district boundaries.

l'

‘"g" Urban' District. In determining the boundaries

for the "U" Urban District, the following standards

shall be used: 5

a. It shall include'Lands'charactérizéd by "city-
like" concentrations of people,. structures,
stfeets, urban‘level‘of services and other

related uses.

b. It shall take into consideration the following

specific factors:

S 1. Proximity to centers of trading and

enployment facilifieé except where the

development would generate. new centers of

trading and employment.

2. Substantiation of economic feasibility

by the petitioner.

3. Proximity to basic services such as
sewers, water, sanitation, schools,

- parks, and police and fire protéctiop.
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-= Continued.

4, Sufficient reserve areas for urban growth
in appropriate locations based on a ten -

(10) year projection.

c. Lands included shall be those with satisfactory,
topography and dfainagé‘and rgasonably free 7
from the danger of floods, tsunami and unstable
soil conditions and other adverse environmental
effects.

d. In determining,urban growth for the next ten
years, or in amending the boundary, lands
contiguous with existing urban areas shall be
given more consideration than non-contiguous }
lands, and particularly when indicated for
future urban use on State or County General

Plans.

e. It shall-ihﬁlude lands in appropriate locations
for new urban concentrations and shall give /
consideration to areas of urban growth as

shown on the Sﬁgte and County General Plans.

£. Lands which do not conform to the above

standards may be included within this District:



2-2 —-= Continued.-
1. When surrounded by or adjacent to
existing urban development; and
2. , Only when such lands represent a minor
portion of this District.
g. It shall not include lands, the urbanization

of which will contribute towards scattered -

spot urban development, necessitating unreason-

"able investment in public supportive services.

It may include lands with a general slope of

20% or more which do not provide open space
amenities and/or scenic values if the Commission
finds that such lands are desirable and suitable
for urbah purpbses and that official design

and construction contréls'are adequate to
protect the public health, welfare and safety,
and the public's interests in the aesthetic
qguality of the landscape.

2. "A"'Agricultufal District. 1In determining the

boundaries for the "A" Agricultural District, the

_following standards shall apply:

a.

Lands with a high capacity for agricultural
production shall be included in this District

- except as otherwise provided for in other

sections of these reqgulations. >
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b.

" Lands with significant potential for grazing

or for other agricultural uses shall be included

in- this District except as otherwise provided

-Eor in other sections of these regulations.

Lands surrounded by or contiguous to agricul-

tural lands and which are not suited to agricul-

. tural and ancillary activities by reason of

topography, soils and other related characteris-
tics: may be included in the Agricultural

District. .

Lands in intensive agricultural use or lands
with a high capacity for intensive agricultural
use shall not- be taken out of this District

unless the Commission finds either that:

1. such ‘action will not substantially impair
actual or potential agricultural produc-

“tionn in the vicinity of such lands, and/or

2. : such: action is ‘reasonably necessary for .

. urban growth. . -

3. . "C" Conservation Districts. 1In determining the

- ' boundaries for the "C" Conservation District, the

following standards shall apply:



Continued.

-

Lands necessary for protecting watersheds,’
water sources and water supplies shall be
included in this District except as otherwise

provided for in other sections of these

regulations.

"Lands susceptible to floods, and soil

erosion, lands undergoing major erosion

damage and requiring corrective attention by the

State or Federal Government, and lands

necessary for the protection of the health and

welfare of the public by reason of the lands'

‘susceptibility to inundation by tsunami and

flooding, . to volcanié‘activity and landslides
may be included in this District.
Lands used for national or state parks may be

included in this District.

Lands necessary for the conservation, preser-
vation and enhancement of scenic, historic or
archaeologic sites and sites of unique
physiographic or ecologic significance shall

be included in this District except as otherwise

.provided for in other sections of these

regulations.

¢



s .

—-= Continued.

. e.

Lands necessary for providing and preserving
~parklands, wilderness and beach reserves, and
for conserving natural ecosystems of endemic
plants, fish and wildlife, for forestry, and
other related activities to these uses shall
be included in this Dis;rict except as other-
wise provided for in other sections of. these

regulations. v

Lands having an elevation below the maximum
inland line of thé zone of wave action, ahd
marine waters, fish ponds and tide pools‘df
the State shall be included in this District
.unless otherwise designated oﬁ ithe district
maps.. All offshore and outlying islands of
the State of Hawaii are classified Conserva-

tion unless otherwise indicated. .

' Lands with topography, soils, climate or

other related environmental factors that
may not be normally adaptable or preséntly
needed for urban, rural or,agpiculfural use,
shall be included in this District, except
where such lands constitute areas not con-

tiguous to the Conservation District.



-- Continued.

h. Lands with a general slope of 20% or more
which provide for open space amenities and/or
scenic values shall be included in this District
except as otherwise provided for in other

sections of these regulations.

i, Lands suitable for farming, flower gardening,
operation of nurseries or orchards, growing
of commeréial timber, grazing, hunting, and
recreational uses including facilities accessory
to such uses when said facilities are compatible
with the natural physical environment, may be

included in this District.

"R" Rural District. In determining the boundaries
for the "R" Rural District, the following standards
shall apply:

a. Areas consisting of small farms; provided that
such areas need not bz included in this:
District if their inclusion will alter the
general characteristics of the areas.

b. Activities or uses as characterized by low
density residential lots of not less than
one-half (1/2) acres and a density of not

. , . .
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more than one single-family dwelling per one-
half (1/2) acre in areas where "city-like"
concentration of people, structures, streets,
and urban level of services are absent, and
where small farmé are intermixed with the low
density residential lots.

c. Generally, parcels of land not more than five
(5) acres; however, it may include other parcels
of land, which are surrounded by, or contiguous
to this District and are not suited to low

density residential uses or for small farm or

agricultural uses.
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Overlay #2 - Transportation.
/ ¥

The thick lines represent major transportation networks.

Thin lines represent paved roaas,
Dashed lines represent jeep trails or foot paths. ~

Much transportation information already exists in other
places. This overlay provides a base upon which that portion of
the transportaticn network revelant to CZM planning can be

illustrated. N

The information on this overlay was obtained via USGS

Quadrangle maps and updated by analysis of aerial photographs.
_As more data is inéorporated into this overlay system, documenta-
tion should be made to indicate its accuracy.

Transbqrtation networks are essential ﬁo any economic
plannipg. Access to a given resource.or afea is required for
utiliiatign of reSources;’put may also éontribute to a decline
in resources.

Transportation classification systems were not investi-
gated in depth; and this remains an area for further study and
expaﬁsion. " Such systems could include, for example, road type,
load carrying capacity, traffic density, and critical intersec-
tions (hbte points). Review and commenté are encouraged to

define needed categories moré precisely.
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In the maps prepared the hedvy black lines represent
major.public transportation routes. Medium black lines indicate
secondary black—topped private and public roads. Dirt roads and
trails were not mapped, but could be added easily.

In several instances, roads -portrayed on the U.S.G.S.
quadrangle map were not evident on current photographs; in other

cases new roads found on the photographs were added to the

" overlay.



Overlay #3 - Land Use Classification.. -

LEVEL I

1 Urban

LEVEL II-

11 Residential

111

LEVEL IIX

LEVEL IV

Single Family

112 Multi-Family

12 Commercial Complex

121
122

123

124
125

Business/Government
Commercial/Light
Industrial -
Institutional

1231 School

1232 Hospital
1233 Cemetery

Resort/Hotel

Other

13 Industrial Complex

131

132
133

134
135

14 Transportation

141
142
143

Light Industry
Heavy Industry
Petroleum/Chemical
Processing

Food Processing
Other

Airport
Ferry Serv1ce/Fa01llty
Other

13

-v
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Overlay #3 - ILand Use Classification -- Continued.

'LEVEL I LEVEL II LEVEL II LEVEL IV N

15 Communications/Utilities

151 Radlo/Broadcastlng Facxllty

152 Tracking Facility -

153 Power-Generation Facility

154 Water Treatment/Storage Facility

1541 Water Supply
1542 Sewage Treatment

155 Other
l6 Recreational

161 Park/Athletic Facility
162 Golf Course
163 Other

17 Harbor/Port Facility

171 Commercial Cargo/Shlpplng
172 Marina -
173 Other

18 Construction/Under Development

181 Residential
182 Commercial
183 Industrial
184 Other

19 Mixed Complex
2 Agriéltu;e
21 Row and Field Crbps
211 Sugar Cane
212 Truck Farming

213 Taro
214 Other
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Overlay #3 - Land Use Classification -- Continued.
LEVEL IV, LEVEL II LEVEL III LEVEL IV

22 Orchards/Vineyards

23 Grazing Area/Pasture
24 Facilities/Equipment
25 Irrigation' Pond o
26 Other

3 Undeveloped Areas
31 Urban Zone

311 Vegetative Ground Cover
312 Open Land

32 Rural Zone

321 Vegeﬁative Ground Cover
322 Open Land



- '
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Land Use Classification System Description. -

1

Urban

Includes all units and complexes usually dssociated with the

urban environment. This Level I class is divided into the

following groups:

11 Residential . o

12

Contains units of_habitation and domestic dwellings within

the urban environment.
111 Single Family

Includes only single family residences such as tract-

type homes and individual dwellings.

112 Multi-Family

This category includes complexes such as duplexes,
triplexes, apartments-and condominiums. It does not
include complexes such as resorts which are transient
in nature.

Commercial Complex , ‘ : S
Includes all structures and facilities normally associated
with the business sector of the urban environment although

not spécifically limited to retail/wholesale business.



121

© 122

123

- Business/Government

Areas of mixed structures including both retail and
wholesale businesses. This catégory also includes
structures and‘facilities associated with govermental
operations since such facilities are geherally nmixed

among the retail business structures.
Commercial/Light Industrial

Areas of mixed uses generally- -associated with small
production- facilities and wholesale buéiness trade
although not exciusively limited to such endeavors.
These areas are generally located on the perimeter of

the urban area and not in the central business district.
Institutional ‘ .

Facilities genérally associated with public aid, educa-
tion, and/or other such endeavors. This category is
further subdivided into the following specific facilities:

N

1231 School

Including all buildings and fiélds associatéd

‘with elementary, intermediate, and high schools.

1232 Hospital

Includes all buildings and associated grounds.

i

)

[
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1233 Cemetery |, - ’
Self-explanatory.
124 Resbrt/Hotel

Includes all structures and facilities related to the
tourist or transient trade. This category includes
certain recreational facilities associated with the
resort/hotel and not normally available for public use,

such as private tennis courts, golf courses, etc.
125 Other

This category includes all commercial complex structures
and facilities which are not specifically associated
with classes 121 through 124.

"
Industrial Complex

This category includes all structures, facilities, and

associated grounds used for manufacturing or processing

_ purposes. Such facilities are generally not associated

with the retail trade and are usually located on the pgfi—'r

meter of the urban area.

131 Light Industry

Generélly associated with manufacﬁuring‘processes such
as electronics production, textile manufacturing, small
parts production, and so forth. Complexes generally

have small ratio of waste per unit produced.

B-18
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132

Heavy Industry

Gengrally associated with larger manufacturing complexés

and facilities and includes -such endeavors as steel

production and fabrication, heavy equipment fabrication -

and so forth. The ratio of waste per unit produced

is generally higher than in light industrial complexes.
133 Petfoleum/Chemical Processor

Includes all associated structures, facilities and b
i grounds.
134 Food Processing ‘ )

Includes such facilities as sugar processing mills,

grain facilities, fruit and vegetable canning operations

and so forth. *
135 Other

This category includes all»industiial complex structures

and facilities which are not specifically associated with

classes 131 through 134. “
-Transportation

This category includes only compléxes associated with a

transportation service. It does not include roadways and

streets, which are included on the Transportation Overlay

- #2.
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141

142

143

151

'Airport

Includes both publlc and private airports and all such -
assoc1ated facilities and grounds.

Ferry Service/Facility

Includes structures and facilities associated with
inner-island and inter-island, over-water ferry service.

Other

~

This category includes all ‘transportation facilities

not specifically associated with classes 141 or 142.

- Communications/Utilities

.Includes all facilities and grounds associated with communi-

cations and public service utilities.

Radio/Broadcasting Facility

Includes all associated structures and groundé

including antenna farms. .

Tracking Pacility

- Includes all structures and grounds associated with

radar and other types of tracking facilities.



153

154

155

‘Power Generation Facility

Includes hydroelectric, petroleum~based, and nucleér
type power generation facilities and structures.

Water Treatment/Storage Facility
Includes the following categories:

1541 Water Supply

All associated facilities uéed for processing of
urban water supply including residential,

commercial, and industrial.
1542 Sewage Treatment

Includes all facilities -and equipment used in the
processing of municipal waste regardless of level

(primary, secondary, tertiary).
Other
This category includes all communication/utilities

type facilities not specifically assdciated with
classes 151 through 154.
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17

Recreational o : -

Includes all structures, facilities, and grounds associated

with public recreational activities. Private facilities

.associated with resorts or hotels are not included in this

category.

161 Park/Athletic Facility ‘ -

Includes all public facilities for recreational
~activities, such as picnic areas, campgrounds, athletic

fields, and so forth. I

‘162 Golf Course

Self-explanatory.
163 Other

Includes all categories of recreational facilities not

specifically included in categories 161 or 162.

Harbor/Port Facility

Includes water based shelters and facilities whether natural

or man-made, or used for either large ships or small boats.
171 - Commercial Cargo/Shipping

Includes those facilities and structures associated with

large ships and commercial cargo operations.

B-22
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172

173

Marina

P

Includes all facilities and structures associated with
small boat operations. These operations may be either
private in nature, such as pleasure craft, or commercial
in nature, such as sight-seeing or commercial fishing

’

operations.

Other

Includes all categories of harbor/port.facilities which

are not spec;fically included in categories 171 or 172,

Construction/Under Development

Includes all areas under some stage of urban development at
the time of interpretation. The stage of development is not

defined but the type of development may be defined in.one

of the following categories:

181

182

~

Residential

Maﬁ include single or multi—family structures.

Commercial

May include business structures- or governmental facilities.
This category may also include such facilities as resorts.

or hotels under construction as well as institutional

facilities.

- \ \ "
N . . N L .
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183 Industrial

Includes such areas as light and/or heavy industrial.
complexes. as well as food, chemical, or petroleum

facilities under construction.

184 Other
Includes those areas under constructionh which are not

specifically included in eategories 181 throﬁéh 183.

‘Mixed Complex

-
—

‘This category inplddes those areas of urban structures and

facilities that are very mixed in nature and are too complex
to be separated into individual categories. Such areas are
generally a mix of residential and commercial categories

but may also include industrial, recreational, transportation,

and communication/utilities facilities.

~

2 Agricultﬁre

This category includes thos,laﬁds ﬁbt normally associated with
the urban environment, élthough small plots of agricultural iand
may be located within the urban area. This category includes
both fallow and cultivated farm lands used in the faising of

'Crops or animal husbandry.
r
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Row and Field Crops

-

This category includes those agricultural lands both fallow
and under cultivation in which the primary crop is planted

and harvested on a random basis depending on the crbp type.
This category includes only large areas pf row and field

crops and also includes small truck-farming operations.

211 Sugar Cane
Includes areas of sugar cane production, regardless of
whether the land is fallow or under cultivation at the
time of interpretation.

~

212 Truck Farming

Includes areas of rotational croppings generally used
for growihg vegetables or other highly perishable crops.
Truck farms are usﬁally labor intensive and small in
acreage, ,although there may be large areas of truck
farming. The products grown may be for-private con-

sumption or commercial sales and/or distribution.
213 Taro

Includes those lands either fallow or under cultivation

used in the production of taro.
214 Other

Includes those categories of row and field crops not
specifically included under categories 211 through 213.

B-25
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Orchards/Viheyards

Includes those areas under cultivation used for growing'and

‘production of tree crops and vine crops. These areas are

usually enclosed and used for the production of .various kinds

of fruit. -

Grazing Area/Pasture

Includes those areas, used for grazing of cattle, sheep, and/

or goats, which are predominantly grassland in nature. These

grasslands may be either irrigated or reliant on-natural

water sources.
Facilities/Equipment

The category includes those areas used for the storage and/
or maintenance of farm related equipment.. It includes all

such related structures, facilities and grounds.

Irrigation Pond
Includes all water holding facilities used for the storage
of irrigation water. These facilities may be either .man-

made or natural ponds and include settling and catch basins.
Other ‘ ‘ N
This category includes all agricultural structures, facilities,

and grounds not specifically defined by categoriés 21 through
25,



3 Undeveloped Areas
Includes those areas of land not presently used for development
of either an urban or agricultural resource. --These lands are
essentially undisturbed in nature and may be either barren or
covered in varying degrees by different types of. vegetative

. ground cover.

31 Urban Zone

Those areas which are undeveioped and essentially contained
within the urban zone. These areas may be developed at some
future time depending on suitability due to their proximity

to the urban zone.
311 Vegetative Ground Cover

Includes those undeveloped areas within the urban zone
which contain some form of vegetative ground cover.

This may range from open grasslands to forest stands.

312 Open Land

Includes those undeveloped areas within the urban zone
which are essentially barren soil devoid of any

significant vegetative ground cover.

N

32 Rural Zone

Includes those areas which are undeveloped and essentially

e
contained within the rural zone.

s Gy o9 uy N .



321 Vegetative Ground Cover

Includes those undeveloped areas within the rural zone
which contain some form of vegetative ground cover.
This may range from open grasslands to forest stands.

322 Opeh Land .

’

Includes those undeveloped areas within the rural zone
which are essentially barren soil devoid of any

sigrificant vegetative ground cover.

{
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Overlay #4 - Vegetation Classification System,

Four levels of detail are provided when this could be
consistently provided by photo interpretation. The primary
emphasis has been in defining the vegetation types in the coastal
area. It will be helpful to read the description of each type
prior_to analyzing the vegetation overlays. Type names are

generalized; the description provides more detail.

The general classification system used here can easily
be modified to respond to the CZM requiréments. Quantitative
vegetation surveys may be required to fulfill requirements under
the 306 portion of the CZM Act. This vegetation survey is intended
to provide a general overview of major vegetation communities in

the Kauai coastal areas.

- -[
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Overlay. #4 - Vegetation Classification Scheme.

1 Urban

11.

12
2 Agriculture

L 21

22
23

3 Grassland
31
32
33

4 Forest

41

42

LEVEL I LEVEL. II LEVEL III .LEVEL IV

Golf course )
Idle waste field and/or woodlot

Row and field crops

211 Sugar cane
212 Truck farming
213 Taro

214 Other

Orchards and vineyards
Idle field (not in production)

231 Sugar cane
232 Abandoned pineapple

Open grassland' -
Mixed grassland shrub
Grassland/forb

Exotic plantations

411 Eucalyptus

412 Cedrela-Albizia
413 Conifers

414 Other and mixed

Native or naturalized forest

421 Koa

422 Ohia-lehua

423 Ohia-Koa

424 Ohia-Koa/Staghorn fern
425 Riparian



Overlay #4 - Vegetation Classification Scheme -- Continued.

LEVEL I LEVEL II

426
427
- 428
) 429

5 Shrub
51 Lowland shrub

511

512

513
514
515
516

52 Upland shrub
53 Mixed - o

6 Barren land

LEVEL III

LEVEL IV

4251 Hau-Java plum-Guava
4252 Pandanus '

4253 Kukui

4254 Mixed riparian

Silk-oak

Mixed forest

Kiawe

Coastal stand and other _
4291 Coastal stand
4292 Other -

RKoa-haole
Koa-haole/Kiawe
Lowland complex
Ironwood/Staghorn fern
Staghorn fern/forb
Other )

61 Pali or hillside
62 Bare soil-sand-rock

- ..
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- am



R U Ul W A N N By SR R aE e

, , , ,
R P E ) N ..

Vegetatidn Classification Descriptions.

1

Urban

. Areas in which the vegetation consists of horticultural,

ornamental and shade . trees associated with urban areas. Two

Level II subtypes are recognized.

11 Golf Course

Self-descriptive.

‘-12 Idle Waste Fields and/or Woodlots

Open fields and/or woodiots, generally within an urban
area. Species found in these areas are quiﬁe-variable.
Common woody species are Christmas berry, ironwood, Java
plum,.exotic trees, indigo Pluchea, Desmpdiﬁm, 9nd numerous

grasses and forbs.
Agriculture

The primary vegetation in these areas are'cultivated and managed
croplands. Agriculture does not include grassland. Three

Level II subtypes are described.-

B

21 Row and Field Crops

Areas are devoted to row and field crops. Four Level III
subtypes are desc¢ribed. Fallow field under planned rotation
and those newly planted are included in the respective sub-

types where known (e.g., sugar cane).
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23

211

212

213

Sugér Cane

Self- descriptive,

~

Truck Farming

Areas containg papaya, commercial bananas, tomatoes,

squash, melons and other vegeﬁables.

Taro

"Self- descriptive.

214

Orcha
Sélf-
Idle

These
still

under

Level

Other
Areas
above.
rds and Vineyards

descriptive.

Field (Not in Production)

‘

planted to crops other than those described

areas were once in production and various crops are

present though not under management (fallow field

planned rotation not included in this category); two

III subtypes are described.

v

.
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231. Abandoned Sugar Cane

01d abandoned sugar cane fields being invaded by
grasses, forbs and trees and shrubs. Java plum!
Christmas berry, californiagrass, morning glorf,
Paspalum sp. and varied forb species. .

232 Abandoned Pineapple
|
O0ld abandoned pineapple field being invaded by grasses,
forbs and trees. Those species typically found encroach-
ing were African tulip trée, Christmas berry, gold fern,
californiagrass, morning glory, Paspalum spp.,

Digitaria sp.
Grassland>‘

Area consisting primarily of grass or grass shrub mixtures where

grass and forbs comprise 75% or more of the area. Three

Level II subtypes are described. ’

31 Open Grassland
Grass areasvconsisting predominantly of grass with forbs.
Major grasses .include californiagrass, Kikuyugrass,
Digitaria sp., Cyonodon sp., and Paspalum sp. Brush or woody
vegetation comprise 20 percent or less of these stands.
Various forb species are also common, but are not predomi-

nant vegetation.



32 Mixed Grassland Shrub

-

Grassland areas in which woody species such as Hau, Java
plum, Christmas berry, Koa-haole comprise 20 to 50 percent A
of the area either in isolated dense patches-or in combination

with the grasses. Grass species are similar to those under

31 Open Grassland.

33 -Grassland/Forbs
Areas generally containg both grass and forbs, but where
forbs comprise at least 50% of the area. Typicaily these

types are found on moist hillsides and in meadow areas.

4 Forest

Large homogeneous areas of forest vegetation; two Level ITI
subtypes” are described. ' ~ '

.

41 Exotic Plantations

Forest planations comprised of various species of exotic

trees. fhese stands have been planted by man and typically

" are under some form of management. The following‘Level'III'

- .

subtypgé are described.
411 Eucalyptus

Forest plantations and plantings composed predominantly
of Eucalyptus, including swaﬁp mahogany, red mahogany,
~ blackbutt, lemon-scented gum, and flooded gum, singly

or in combination.

w
!
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'421. Koa _ T

412 . Cedrela-Albizzia
Forest planting composed predominantly of cedrela, toona,

albizia, ash or alder species, singly or in combination.
413 Conifers

Forest planting composed predominantly of conifer
species including Cook and Norfolk Island pines, redwood,

pines and Crytomeria singly or in combination.

. In some cases naturalized Ironwood will also be found

intermixed in these stands.

414 Other and Mixed
Forest plantingé of species other than those above or
intermixed stands of the above too small to delineate
separately. ) : N

~ .
. ~

Native or Naturalized Forest .

Forested areas with natural reproduction of native or
naturalized tree species. The following Level ITI subtypes

are described.

- . 4

Forested areas in which Koa trees predominate and com-
prise 25 percent or more of the stands and in which Koa
treeS'comprise less than 25 percent of the stands. ‘This

includes both commercial and non-commercial stands. .

B-36



422

423

424

425

Ohia-Lehua -

Forests in which Ohia-lehua trees predominate and com-
prise 25 percent or more of the stands. This includes

commercial and non-commercial stands.

Ohia-Koa

Forests in which Ohia-lehua and Koa trees are predominant

and each comprise 25 percent or more of the stand. This
includes both commercial and non-commercial stands.

Ohia-Koa Staghorn Ferns

Open forested area where the predominant trees are Ohia-
lehua and Koa with extensive understory of staghorn
fern. Other tree and brush types found in these areas
include Kukui, ironwood (at lower elevations), Christmas

berry, lantana, malabar melastome and an occasional Hala.

Riparian

Porest communities typically found in valleys and stream
bottoms on the windward side of the Island where they
tend to grow quite dense and vigorous (closed canopy).
The following subtypes are described.

4251 Hau-Java Plum-Guava

Riparian vegetation in low elevation stream bottoms
consisting of tall shrubs to tree~like stands in

PN
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4251 -

-- Continued.

4252

4253

4254

which Hau, Java plum and common guava, singly
or in combiantion, are the predominant species.
Mangrove ironwood, monkeypod, Hala are found
occasionally, along with Christﬁas berry and

pluchea.

Pandanus

Riparian vegetation where Hala is the predominant

species in combination with Hau, Java plum, guava

and associated shrub species.
Kukui

Riparian or moist mountain hillside in which Kikui

trees comprise 75% or more of the stand.
Mixed Riparian

Very complex riparian stands in valley and stream
bottoms at low elevation. Species include Hau,

Java plum, Christmas berry, Hala, ironwood, coni~

fers, mangrove, common and strawberry guava. Also
frequent but not abundant are mango, African tulip
tree, bananas, monkeypod. These stands grade

into 4251 where the Hau, Java plum and guava are
predominant and also into 427 Mixed Forest which
occupy the mountainside. Absent from the mixed
riparian are the Ohio-lehua and Koa and

associated shrub types.



426

427

428

429

§ilk-0ak - ~ ' ) -

Forest comprisea‘predominantly of naturalized silk-cak
stands. Thése forests tend to be open and associated
speéies-include, Aalii, lantana, Pukiawe, acacia and

sandalwood, strawberry guava. Ohia-lehua and Koa can

also be found at the higher elevations.

Mixed Forest

. Forested areas comprised of a wide variety of tree and

brush types. Typically these will.include Koa, Ohia-
lehua, Kukui, Java plum, albizia, monkeypod, Christmas
berry, common guava, straﬁberry guava, Noni, Hala, )
lantana. Forbs and grasées are alsoc 'mixed including b
Hilograss, californiagrass (in wet areas, ferns).
Specific mixture varies from stand to stand.

Kiawe

Forested area comprised of 75 percent or more dense
Kiawe trees usually found on lower moist sites (kiawe
is also typically found in shrub form; see category
513). '

Coastal Strand and Other

Forest stands consisting of either coastal stands or

other forest stands as described below.
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4291 CQastal Strand

Vegetative strips on or near the coast consisting
‘of ironwood,; and Naupaka, singly or in combina-
tién, and scattered exotic species. In most

éreas little or no ground cover is present.
4292 Other

Other undifferentiated forest stands not described
in the foreét types.

e

Shrub/Brushland Forest

Areas consisting primarily of shrubs or tree types with shrub-
like morphology. This basic type is quite variable. Three

 Level IT subtypes are described.

51 Lowland Shrub ‘ S

These are areas at the lower elevations with 10% tree -cover
or less; however, in some cases tree species are very
common, e.qg., Kiawe, but growing in a shrub-like form.

Five Level III subtypes are described.

\

511 Koa-Hoale

Area where Koa-hoale comprise 75% or more of the

vegetation stand.



512

513

514

515

Koa-Hoale/Kiawe

Areas in which Koa-hoale and Kiawe comprise 70% or more

of the vegetation in combination.
Lowland Compléx

An extremely diverse shrub mixture consisting of

Christmas berry, guava, ironwood, Malabar melostom,

shoebutton ardesia, Caesalpina sp. in varying combina-

tions from pure stands to standard mixtures, Java plum'
and guava are found at lower elevations with shrub-
like Ohia-lehua at intermediate elevations. One may
also find small patches of forest or scattered forest
trees in these areas. This type grades into forest
types 427, 424, and 425.

Ironwood/Staghorn Fern

Areas contain a mixture of trees and brush Similar to
type 513, but where ironwood and/or staghorn fern
comprise 50% of the vegetation.

Staghorn Fern/Forb

This type has some morphological similarities to 33
Grassland/Forbs. However;\grasées comprised 10% or
less of the' area with staghorn fern and other
herbdceous types compfising 50% or more of the stand.
Ironwood and other trees and brush types present, but

do not dominate.

{



516 Other
Other lo&land vegetation types are defined above.
52 .Upland Shrub

Shrub types consisting of Mamane Pukiawe, Aalii, Naio,

Ohelo and raillardia, singly or in combination.

53 Mixed
Area containing a mixture of upland and lowland varieties,
appears most common on western slopes where Aalii, lantana
and Koa-haole intermix at intermediate elevations..

Barren Land

Areas with 15% or less ground cover. Two Level II subtypes
are described. ' '

61 Pali apd Hi;lside
vVery steep or rocky hillsideg.,
62 Bare Soil-Sand-Rock
Areas mosély void of vegetétion not in category 61 above.

This category does not include fallow or plowed agricultural

fields; see category 2.



Overiay #5 -.Shoreline Habitat.

To use the shoreline habitat ‘classification, note there
are four levels of detail. The two major levels, I (protected and
exposed) _and 1II (open coast, bay, estuary), are given a line
symbol such as a dotted line, dashed line, etc. in addition to a
number designation. On the overlay map, a double symbol liﬁé
parallels the shoreline. The inner (Mauka) line represents Level
I; the outer_(Makai) line represents Level II. Levels III and IV
are ihdicated} in respective order, directly oh the overlay with
numerical symbols. Prior to using the classification scheme,
read the classification description. This will clarify meanings

which might otherwise be misconstrued.
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LEVEL I LEVEL II

1. Protected . 1. Open coast 1.

LEVEL III

Rocky shoreline

Sandy beach

Lava
Mud flat

Man\altered

Other

"Overlay #5 - Shoreline Habitat‘Ciassification Schene,

LEVEL IV

1. Rocky seacliff
2. Boulder beach
3. Cobble beach
4. Outcrop/
terrace

1. Black (lava)

2. White
(calcareous)

3. Terrestrial
sediment

4, Mix

1. Shallow bench
2. Basalt outcrop

1. Tidal mud flat
2. Vegetated

Docks/piers
Breakwater
Coral land £f£ill
Dredged area
Sea wall
Other

Ak wn -
¢ o »

(see vegetation
and wetlands

- overlays)

Rocky shoreline

1. Rocky seacliff
2. Boulder beach
3. Cobble beach
4. Outcrop/
terrace

w
!
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Overlay #5 - Shoreline Habitat

Classification Scheme -- Continued.

LEVEL I

3.

LEVEL II

Estuary

LEVEL IIT

2. Sandy beach

3. Lava

4, Mud flat

5. Man altered

6. Other

1. Rocky shoreline

2. sandy beach

LEVEL IV

Black (lava)
White
(calcareous)
3. Terrestrial
sediment

N
P

.4, Mix

Shallow bench
Basalt outcrop

SO

Tidal mud flat
Vegetated

[N

Docks/piers
Breakwater
Coral land £fill
Dredged area
Sea wall

Other

(o)W G, B =N SV N 0

+ = o =

(see vegetation
and wetlands
overlays)

Rocky seacliff
Boulder beach
Cobble beach
Outcrop/
terrace

«

W

1., Black (lava)
2. White

(calcareous)
3. Terrestrial”
sediment
4, Mix
B-45
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Overlay #5 - Shoreline Habitat Classification Scheme -- Continued.
ILEVEL I LEVEL II LEVEL IIT LEVEL IV
B 3. Lava 1. Shallow bench
2. Basalt outcrop
4. Mud flat 1. Tidal mud flat
2. Vegetated
5., Man altered 1. Docks/piers
2. Breakwater
3. Coral land fill
4. Dredged area
5. Sea wall
6. Other
6. Other (see vegetation
and wetlands
overlays)
2. Exposed 1. Open coast 1. Rocky shoreline 1. Rocky seacliff
‘ i 2. Boulder beach
3. Cobble beach
4. Outcrop/
7 terrace
2. Sandy beach 1. Black (lava)
2. White
7 (calcareous)
3. Terrestrial
sediment
4. Mix
3, Lava 1. shallow bench
2. Basalt outcrop
4. Mud flat 1. Tidal mud flat
2. Vegetated



Overlay #5 - Shoreline Habitat Classification Scheme -- Continued.

LEVEL I LEVEL 1T

3. Esthary 1.

LEVEL III

Man altered

Other

Rocky shoreline

Sandy beach

Lava
Mud flat

Man altered

Other .

1.
2.
3.
4.
5.
6.

LEVEL IV

Docks/piers
Breakwater
Coral land £ill
Dredged area
Sea wall

Other

(see vegetation
and wetlands
overlays)

1.
2.
3.
4.

Rocky seacliff
Boulder beach
Cobble beach
Outcrop/
terrace

Black (lava)’
White
(calcareous)
Terrestrial
sediment

Mix

Shallow bench
Basalt outcrop

Tidal mud flat
Vegetated

Docks/piers
Breakwater
Coral land £fill
Dredged area
Sea wall

Other

(see vegetation -
and wetlands

overlays) o

I'

) 'l
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Shoreline Habitat Classification- Description.

Figure B-1 illustrates Kauai Island and its dominant

wind and wave pattern. The northeast tradewinds ensure a generally

‘predominant wave direction from the northeast. Arctic storms also

send storm waves toward Hawaii from this direction. The general
result is a high energy wave force impacting the portion of iSland
exposed to the northeast. This is the windward side of Kauai. If
the waves do not strike directly against the iand, théy refract
or bend, losing force as they do so. The result is a lower energy
wave force directed against the Qpposite or leeward side of the |
Island. Kona winds, equatorial storms  and high energy wave
refraction ao occur and 0ccasionally strike the lee side with
high energy. Howéver,\this is not the norm. Thus.Figure B-1
divides Kauai into windward and leeward portions, each with its
own general wave force relationship. When using the shoreline

habitat classification first determine whether your specific

. geographic location is windward or leeward. This done, proceed

to Level I, II, II, and IV respectively.
Level I.

1. PROTECTED: This category deals with semi-sheltered
coast and open bays wheré the wave shock 1s some-
_what attenuated prior to reaching the shoreline.
These areas prpvidé a protected habitat and
usuaily abound with floral and faunal species.
They are usually concave. These areas are alsoc -~
among the most attractive to man since wave force
destructive to his shoreline alterations is ,

reduced.



N.E. TRADEWINDS

)
—— Z

WINDWARD

~

LEEWARD

Figure B-1. Preliminary Classification Level -
Windward, Leeward Designations
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Level I. =~ Continued.

Level II.

.2-

EXPOSED: Entirely unprotected, surf swept shores.
These areas bear the full, unimpeded force of the
waves. This area is generally less attractive to
both man and animal due to the difficulty in

maintenance.

OPEN COAST: This category is similar to exposed
areas but does not necessarily receive direct wave

impact. Reefs may absorb wave force far offshore.

' Nonetheless this area would appear to be unpro-

tected, lacking the benefit of a headland or bay.

" In periods of heavy wave action the direction of

the wave would be straight on (excepting windward

side refraction).

BAY: Bays are naturally protected areas which in
time often develop sand bars, mudflats or wetland
areas. -Strictly speaking, there would be little

if any fresh water intrusion and, in fact, an

increase in salinity. Bays are attractive to man
for recreation, commercial enterprise and g
industrial development because of their natural

protection from the sea.

™~



Level II. —-— Continued -

" Level III.

ESTUARY: This classification defines ﬁarine areas
with fresh water intrusion as estuarine. They are
associated with rivers and streams. In Hawaiil
many are intermittent butbnonetheless support a
uniqué habitat. Estuaries are similar to bays in
that they are naturally ﬁrotected from wave action,
and are additionally attractive to man because of

their waterway inland.

ROCKY SHORﬁLINE: Land/sea interface comprised
primarily of rock. Since the Hawaiian Islandé

were formed through volcanic activity, this:
category refers to rock which has been sufficiently
weathered to distinguish it from recent volcanic

action.

SANDY BEACH: = Shoreline comprised of small parti-
cles (generally follows the Wentworth scale) which

most of us think of as sand.

LAVA: Rocky material -differentiated from "rocky
shoreline" in that it was deposited within the
last fifty years. This category found only on the

Island of Hawaii (recent lava flows).

A

A



‘Level III,-- Continued.

4. MUD FLAT: This_area-is necessarily well protected
allowing the verjﬂfine mud particles (see Wentworth
scale) to settle out. Generally the result of
sedimentation of terrestrial material ofteh giving

- rise to a.wetland and eventually shoreline altera-
tioﬁ (extension). Usually indicates erosion,
‘excessive runoff or particular currént pattern.

5. MAN ALTERED: Indicates‘areas where man has altered

the natural land/seavinterface.

6. OTHER: Includes everything not described above.
E.g., vegetation type. ‘

Level IV.
ROCKY SHORELINE. .

1. ROCKY SEA CLIFF. Describes a steep rock cliff
greater than fifty (50) feet high. This area may
have boulders accumulated at its base but the

_inhospitable sea cliff is being emphaéized.

2. BOULDER BEACH. Lacks rock cliff greafer than
fifty (50) feet associated with it. . Generally
large rock juts and boulders greater than fifteen

(15) centimeters across.



Level IV.

-- Continued.

3.

COBBLE BEACH. Similar to boulder beach but rocks
generally smaller than fifteen (15) centimeters

across.

OUTCROP/TERRACE. A continuous rock terrace.
Generally smooth and solid lacking the interstitial

component of individual‘boulders or cobbles.

SANDY BEACH.

1.

BLACK (LAVA). Sand composed almost entirely of

weathered lava. Black or dark in color.

WHITE (CALCAREOUS). Sand composed almost entirely
of calcareous material from reef, molluscan or

foraminiferous remains.

- TERRESTRIAL SEDIMENT. Distinct from mudflat by
larger particle size. Origin from terrestrial

soils. Again erosion and runoff indicator.

MIX. Some combination of the above. Ancillary
information should quickly define the proper

combination.

MAN ALTERED.

1.

DOCKS/PIERS. Private, commercial and industrial

harbors and marinas.

w
1
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Level IV.

-- Continued.

2,

6.

BREAKWATER. Man-constructed extension dfvshore—

line, generally designedlto create additional

protection to harbor, marina, bay or estuary.

S

CORAL LANDFILL. Extension.of the shoreline by

filling in nearshore with coral rubble.

DREDGED AREA. Cleared and/or deepéned area,

usually in harbor or channel areas.

|

SEA WALL. Area paralleling existing shoreline

which offers additional support and protection to

land.

OTHER.

For additional detail, examine the photographs referenced

on the following pages. These are available for examination at
Call Mr. Cris Christofells at 548-3044. ’

the DPED.



Overlay #6 - Sand and Reef.

Sand

1.

is broken into three groupings:

Sandy Beach. This category is delineated on the
overlay and marked with a slanted line. On the
original overlay it 1s colored orange. This
facilitates visual examination but will be lost in
reproduction unless the new copies are hand
colored. The sandy beach is, by definition,
bordered on at least cne side by the sea and sub-
ject to its dynamics. ‘

Dune Area. A dune is set:. back from the sea, for
the most part free from direct interaction with. ,
the sea.’ Wind will affect the sand dunes but after
times this area 1is seﬁipermanently anchored by

dune vegetation. This category, too, is delineated
and indicated by multiple'dots. It is colored
orange on the original once again to facilitate

use.

Offshore sand channels and deposits are indicated
but not delineated. This is due to (a) limited
amount of time and data available, and (b) the

availability of the data source (aerial photographs)

» for users with highly detailed requirements.
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-Offshore reefs afe indicated 6n the overlay by a series
of dashed lines. Reefs that abut the shore are delineated with a
solid line and labeled. 'This‘map lJocates only reef areas and
refrains from comment on reef viability or type. Additional defail
can be obtained by studying'the photographs referenced in this

appendix.

The following is an excerpt from one of PUSPP's technical
papers (Maragos et. al., 1975) in which reef ecologist Dr. Jémes_

Maragos summarized the physical reef in Hawaii.

"The characteristics of the reef flat habitat
are largely dependent upon the type of and
degree of development of the reef. Apron reefs
are the smallest and most discontinuous reefs
growing along shallow coastlines. These may
fuse and grow out laterally with time to' form-
the broad fringing reefs which characterise
Lanai, Molokai, and Oahu. Barrier reefs
frequently form from fringing reefs, if the
reef-itself becomes separated from the coast

- by a deep lagoon. There is only one extant
barrier reef in Hawaii (Kaneohe Bay, Oahu) and
this structure may have developed directly
without the "intermediate" stage of a fringing
reef. ., -. . Within the lagoons .of atolls or
barrier reefs are commonly found patch reefs
which resemble inverted truncated cones. The
only example of patch reefs among the main

. (windward) Hawaiian Islands is located in

Kaneohe Bay, Oahu. All these categories of
reefs may show the shallow reef flat habitat.

"The reef flat consists prédominantly of sand,
coral rubble, and coralline and fleshy benthic
algae. Reef corals are not important compo-
nents of the reef flats presumably due to
unfavorable temperature, wave, and salinity
conditions near the level of the sea surface
(Edmondson, 1928; Maragos, 1972; Littler,
1973). :



"It is important to make the distinction between
coral reefs, the physical structures produced
over thousands of years from the remains of

- calcareous organisms, and coral communities,
the biological assemblages which may or may
not cover the upper surface of the reef.
While many of the Hawaiian Islands show
extensive reef development, few show flourish-
ing coral communities. '

- This description should help the layman in understandlng

the reef type 1nd1cated on the nylar maps.



/

Overlay #7 - Rivers and Streams.

Hawaii's drainage patterns remain largely unchanged

~over the short term. This overlay is designed to facilitate

studies utilizing this kind of information. In addition to normal
sur face streams, the high altitude infrared photographs distinctly
indicate that underground water flows through vegetation indica-

tors. Solid lines represent perrenial streams; dashed lines

represent intermittent streams.

This overlay can be readily updated to follow changes

in drainage patterns over time.



Overlay #8 - Wetlands."

Refer to Appendix A.



;

Aerial Photography Utilized for Overlay Composition.

LIHUE QUAD.

U-é_HighIAltitude Aircraft

A,

KOLOA QUAD.

U-2 High-Altitude Aircraft.

A.

Color Infrared Film (S0-127), July, 1975,
1:65,000 scale, RC-10(12") sensor.

‘ Flight #75-108; Accession #02147;

Frame #2959, 2960, 2961, 2962

Aerial Color Film (SO—242), July 1975,
1:65,000 scale; RC-10(12") semsor. -
Flight #75-108; Accession #02148;

Frame #2012, 2013, 2014, 2015.

Corps of Engineers, Low Altitude Aircraft.

Black and White Film, April 1975,
1:6,000 scale; Kauai Cdunty Roll #1
Frame #1-1 to 1-31 and 1-332 to 1-354.

Color Infrared Film (S0~127), July 1975,
1:65,000 scale; RC-10(12") sensor.
Flighf #75~-108; ‘Accession #02147;

Frame #2962, 2963 ahd 2964.
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KOLOA QUAD~~- Continued.

B. Aerial Color Film (S0-242), July 1975,
1:65,000 scale; RC-10(12") sensor.
Flight #75-108; Accession #02148,
Frame #2015, 2016, 2017, 2018.

U.S. Army Corps of Engineers, Low Altitude Aircraft.

A. Black and White Film, April 1975,
1:6000 scale; Kauaili County Roll #1,
Frame #1-302 to 1-334. ’

{

HANAPEPE QUAD.

U-2 High Altitude Aircraft

A. Color Infrared Film (S0-127)
1:65,000 scale; RC-10(12") sensor.
Flight $74-185; Accession #01951, October 1974
Frame #1153, 1154. '

1:65,000 scale; RC-10(1l2") sensor.
Flight #75-115; Accession # 02155, July 1975
Frame #3205, 3206, 3207.

B. Aerial Color Film (S0-242)
1:65,000 scale; RC-10(12") sensor.
Flight #75-115; Accession #02156
Frame #2259, 2260, 2261.
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HANAPEPE QUAD ==~ Continued.<

U. S. Army Corps of Engineers

A.

KEKAHA QUAD.

Black and White Film, April 1975,
1:6000 scale; Kauai County Roll #1,
Frame #1-272 to 1-302.

U-2 High Altitude Aircraft.

A,

Color Infrared Film-(SO—127)

1:65,000 scale, RC-10(12") sensor.

Flight #74-185; Accession #01951, October 1974
Frame #1156, 1157, 1158.

1:65,000 scale; RC-10(12") sensor.
Flight $75-115; Accession #02155, July 1975

Frame #3204, 3205

1:32,500 scale, HR 732 (24"5 sensor.

Flight #74~179; Accession #01942; October 1974

Frame #0012 to 0018.

Aerial Color Film (S0-242)

1:65,000 scale, RC-10(12") sensor.

Flight #75-115; Accession $02156; July 1975,
Frame #2258, 2259. . ‘



KEKAHA QUAD -- Continued.

1:32,500 scale, HR-732(24") sensor.
Flight #74-179; Accession #01943; October 1974
Frame #0009 to 0014.

“C. Black and White Film (Panchromatic X)
1:32,500 scale, HRC-732(24") sensor.
" Flight #74-129; Accession #01944; October 1974 -

U.S. Army Corps of»Engineefs} Low Altitude Aircraft
; A, Black and White Film, April 1975

'1:6000 scale; Kauai County Roll #1,
Frame #1-228 to 1-272. N

MAKAHA POINT QUAD. -

U-2 High Altitude Aircraft

A. Color Infrared Film (S0-127)
1:65,000 scale, RC—lO(lZ") sensor, July 1975
Flight #75-115; Accession>#02155,
Frame #3201, 3202, 3203. -

B. Aerial Color Film (80-242)
1:65,000 scale, RC-10(12") sensor, July 1975
Flight #75-115; Accession #02156, '
Frame #2255, 2256, 2257..



MAKAHA POINT QUAD -- Continued.

U.S. Army Corps of Engineers, Low Altitude Aircraft.

A,

-~

HAENA QUAD.

Black and White Film, April 1975.
1:6000 scale, Kauai County Roll #1,
Frame #1-183 to 1-228.

U-2 High Altitude Aircraft.

A,

" Color Infrared Film (S0-127)

1:65,000 scale, RC-10(12") sensor, July 1975

Flight #75-115; Accession #02155,

Frame #3200 ) ’

Aerial Color Film (S0-242)

Flight #75-115; Accession #02156
Frame #2254. )

'1:65,000 scale; RC-10(12") sensor, July 1975

Corps of Engineers, Low Altitude Aircraft.

Black and White Film, April 1975,
1:6000 scale, Kauai County Roll #1,
Frame #1-156 to 1-183. -
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HANALET QUAD.

U-2 High Altitude Aircraft

A,

Cclor Infrared Film, (S0-127)
1:65,000 scale, RC-10(12") sensor, July 1975, .

Flight #75-115; Accession #02155,

Frame #3200.

1:65,000 scale, RC-10(12"0 senser, July 1975,
Flight #75-108; Accession #02147,
Frame #2970, 2971, 2972. - ) -

1:32,500'scale, HRC~732 (24") sensor, Octobér\1974
Flight #74-179; Accession #01942,
Frame #0070, 0071, 0072, 0073, 0074.

Aerial Color Film (S0-242) \
1:65,000 scale, RC-10(12") sensor, July 1975,
Flight #75-115; Accéssion #02156,

Frame #2254. “ . '

- 1:65,000 scale, RC-10(12") sensor, July 1975,

/Flight #75-108; Accession #02148
Frame #2023, 2024, 2025.

1:32,500 scale, HRC—732(24") sensor; October 1974

Flight #74-179; Accession #01943,
Frame #0017, 0018, 0019, 0020,
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HANALEI QUAD -- Continued.

U.S. Army

ANAHOLA QUAD.

Black and White Panatomic=~X (3400) £film, -
1:32,500 scale, BRC-732 (24") sensor,
October 1974 )

Flight #74-179; Accession #01944,

Frame #0070, 0071.
Corps of Engineers, Low Altitude Aircraft.

1:6000 scale, Kauai County Roll #1, April 1975
Frame #1-109 to 1-156.

U~-2 High Altitude Aircraft.

A,

Color Infrared4Film (S0-127)

1:32,500 scale; HRC~732(24") sensor,
October 1974 \
Flight #74-149; Accession #01942,
Frame #0068, 0069. 0070.

Aerial Color Film (S0~242)

1:32,500 scale, HRC-732 (24") sensor,

October 1974

Flight #74-179; Accession #01943,

Frame #0064, 0065, 0066. ' -
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ANAHOLA QUAD -~ Continued.

U. 8. Army Corps of Engineers, Low Altitude Aircraft.

A. 1:6000 scale, Kauali County Roll #1, April 1975
_Frame #1-62 to 1-1009.

KAPAA QUAD,

U-2 High Altitude Aircraft.

A. Color Infrared film (SO-127)
1:32,500 scale, HRC-732 (24") sensor,.
~ October 1974 i
Flight #74-179: Accession #01942,°
Frame #0064, 0065, 0066, 0067.

B. - Aerial Color Film (S0-242)
1:32,500 scale, HRC-732 (24") sensor,
October 1974 -
"Flight #74-109; Accession #01943,
Frame #0061, 0062, 0063, 0064,

U.Ss. Afmy Corps of Engineers, Low Altitude Aircraft.

A, 1:6000 scale, Kauai County Roll #1, April 1975
Frame #1-1 to 1-62.

o



e

rI.‘ayble B-1. List of Common and Scientific Names of the

Dominant Plant Species Encountered in the
Test Area ’

Aallii [Dodonea sp.]

Acacia [Acacia spp.] i

African tulip tree [Spathc;dea campanulata Beauv . ]
Albizia [Albizid sp.] ‘

Alder [Alnus sp.]

Ash [Fraxinus sp.]

Banana [Musa spp .]

Blackbutt [Eucalyptus pilularis sm. ]
‘Californiagrass [Brachiaria mutica (Forsk.) Stapf.]

“

Cedrela [Cedrela sp.] _
Christmas berry [Schinus terebinthifoliis Raddi])

Common guava [Psidium Guajava L.]

Cook Pine [Araucaria columnaris Hook]

Crthomeria [Cryptomeria joponica (L.f.) D. Don]

Eucalyptus [Eucalyptus spp.]
Flooded gum {Eucalyptus saligna.sm.]
Gold fern [Pityogrammie calomelanus]

Guava [Psidium spp. L.]

Hala [Pandanus odoratissimus L. f.] -

Hau [Hibiscus tilisceus L.]

Hilo grass [Paspalum conjugatum Berg.]

Tronwood [Casuarina spp .}

Java Plum [Eugenia cumini (L.) Druce]

Kiawe [Prosopis-chilensi Stunz] -

Kikui [Aleurites moluccana (L.) Wild.]
Kikuyugrass [Pennisetum clandestinum, Hoshst ex Choiv]

Koa [Acacia koa Gray]
Koa-haole [Leucaena latisligua (L.) Gillis]
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Table B-1. -- Continued.

Lantana [Lantana Camara L .1

Lemon-scented gum [Eucalyptus citridora Hook, in Mitchell]

Malabar melastome [Melastoma malabathpricum L. ]

Mamane [Sophora Chrysophylla (Salisb,) Seem]

Mangrove [Rhizophora spp.]
Monkeypod [Albizia Lobbeck (L.) Benth.]

Morning glory [Ipomoea spp . ]

Naupaka [Scaerola Kauiensis (Deg) St. John]

Noni [Morinda citrifolia L.]

Norfolk Island Pine [Araucaria heterophylla (Salisb.) Franco]

Ohelo [Erica spp.]
Ohia-lehua [Metrosiderous collina var. polymorpha N.']

Papaya [Carica papaya L.]

Pepper Tree [Schinhus molle L.}

Pickleweed [Batis maritima L.]

Pine [Pinus spp.]
Plantain [Plantago sp. L.]
Pluchea [Pluchea spp.]

Pukiawe [Styphelia Tameiameiae F. Muell.]

Railliardia [Railliardia spp.]
- Red mahogany [Eucalyptus resinifera sm. ]

Redwood [Sequoia sempervirens (D. Don in Lamb) Endl.]

Rush [Juncus spp.] -

Sandalwood [Santalum spp.]
Silk-oak [Grevillea robusta A. Gunn]

Staghorn fern [Dicranopteris linearis]

Strawberry guava [Psidium Cattleianum Sabine]

Sugar cane [Saccharum officinarum L.]

Swamp mahogany [Eucalyptus robusta Sm. ]

Toon [Toona ciliata M. Roen] —



APPENDIX C

DATA FACILITY STUDY

This appendix discusses each individual scenario

examined for the Data Facility Study.



APPENDIX C. DATA FACILITY: SCENARIO DISCUSSIONS.

c.1 "Scenario 1.
Data
Type A ) B C
Facility. i
Function a - b .a b -
I . 1
II
IIT
. r
Data: U-2 data only, in-house. Some other data and reference

material will be on hand but only as a suppiement to

. U-2 photographs.

Cataloging and Procedures:

The limited physical number of U=2 photographs would
make'cataloging relatively simple, and a manual system

., would suffice (see Section 5).
Equipment: -

Light table (1) - Richard 30 x 40 or equivaleat
Large work table (4' x 6') '
Portable stereo viewer (1)

7X loop magnifiers (minimum of 2)



-

c.l —- Continued.

Equipment -- continued.
Film cannisters (10)
White gloves'(l gross).
File cabinet (1)
Desk (1)
3 x 5 card file (1) /
Complete set of Island maps (U.S5.G.S. - 7.5 minute
gquadrangles) /
Map file cabinet (1) )

Personnel:
One half-time employee with organizational ability
should suffice. No photographic interpretation exper-
tise would be reguired at this level, although basic
knowledge of the characteristics of the data (camera
type, focal length, spectral bands, films, filters)
should be available. o .

‘Space:

A room 20' x 20' is adequate. This amount of space

anticipates a rapid growth and avoids relocation later.

Utility:

—

Utilization will come primarily from CZM requirements

via ESL Inc. interpretation (under contract to DPED).

" Utilization will not necessarily be limited to CZIM in

that other DPED programs and/or outside agencies would

C-3



c.l. "—— Continued.

- have access to data but little assistance in interpre-

tation or use of data.

Intergovefnmental Coordination:

The extent of this facility will not exceed the scope _
of the CZM program and could be limited to that program's

control.
» Comments:

CZM has already obtained, at no acquisition cost, all

pertinemt U-2 data, and some of the required viewing

equipment is presently in-house. At this level,

90 percent or more of the utilization is accomplished

by CZM program through contractor expertise. Prdjected‘

benefits will only be as far-reaching and extensive as
-~ that program's requirements dictate.

'



c.2 Scenario 2.
Data )
Type - A B C
Facility
Function . : ! b a b
I
) I1 ' 2
II1
Data: In-house storage of U-2 data only. Some other data and

reference material may be on hand but only incidental
to U-2 photographs. No systematic attempt to include -
this data will be made.

Cataloging and Procedures:

Equipment:

The limited physical number of U-2 photographs would
make cataloging relatively‘simple'and a- manual indexing

syétem would suffice (see Section 5).

Light table (1) = Richards 30 x 40 or equivalent
Large work table (1) - 4' x 6°' "

Portable stereo viewer (1)

7X loop magnifiers (minimum of 2)

Film cannistersl(lO)

White gloves (1 gross)




-—- Continued.

Personnel:

Staff:

File cabinet (1)

Desks (2) B -

3 x 5 card file (1) o
Cdmplete set of island maps. (U.S.G.S. - 7.5 minute
quadrangles) 7 »

Map file -cabinet (1) » ’
Light table (1) - Richards MIM 3 (or equivalent)
equipped with a zoom 95 stereo magnifier

Film spliciﬁg equipment and supplies ~

~

One half-time employee with organizational gbility and
a basic knowledge of the characteristics of the data
(camera type, focal length, spectral bands, films,
filters). ~Additionally, this écenarid’requires a full-
time prefessional resource analyst with experience _

in photographic interpretation; This ekpértise can

be gainea through use of contractor support or by an

addition to the in-house staff. -

A room 20' x 20° should suffice. This amount of space

anticipates rapid growth and avoids relocation later.

{

7

y
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C.2 - -- Continued.

Utility:

Utilization will come primarily from CZM. requirements
via ESL Inc. interpretation (under contract to DPED).
However,Athe addition of -in-house expertise would
allow suppo}t to other DPED projeéts; Outside agency-
utilization . should also increase but on a space/time

available level.

Intergovernmental Coordination:

At this level the principal utilization would come

through CZM with DPED keeping use, control, and funding
- in-house. Outside agency use would be com?iementary

or funded by specific project. Little coordination

would be necessary on a legislative level.
Comments:

The addition of a trained resource ‘analyst significantly
increases the use of and benefit from the data.- The 7
analyst.could be tasked'with specific projects directed
. at providing needed information on a broad spéctfum of
planning functions. Some analysis inefficiencies are
expected, however, as thils scenarie includes only U-2-
~ ) data. Some assistance could also be given to outside

agencies.



Cc.3 Scenario 3.
Data
Type A B : C
Facility
Function ] a - b . a b
I
. II
ITI 3
Data: In-house storage of U-2 data only. Some other data and

reference material may be on hand but only incidental
to U-2 photographs. No systematic attempt to include
this data will be made.

Cataloging and Procedures:

The limited number of U-2 photoqraphévwould make
cataloging relatively simple, and a manual indexing

system would suffice (see Section 5).
Equipment:

Light tables (2) - Richards 30 x 40 or equivalent
Large work table (1) - 4' x 6' J

Portable stereo viewer (1)

7X loop magnifiers (minimum of 2)

Film cannisters (10)

White gloves (1 gross)
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Space:

File cabinet (1)
Desks (2)
3 x 5 card file (1)

Complete set of island maps (U.S.G.S5. - 7.5 minute

quadrangles)

Map file cabinet (1)

Light table (1) - Richards MIM 3 (or equivalent)
equiéped with-a zoom 95 stereo magnifier

Film splicing equipment and supplies
Map-0O-Graph (1) or equivalent

Portable mirror stereoscope

Additional film storage equipment

Personnel?

One half-time employee with organizational ability ana

a basic knowledge of the characteristics of the data
(camera type, focal length, spectral bands, films,
filters). Additionally, this scenario requires at
least two full-time trained planning and/or resource
analysts with experience in photographic interpretation.
Both'analysts should have formal backgrounds in
different resource disciplines to increase the depth
and breadth of the imagé interpretation capability.

~

Space requirementsvwould’increase to include office
space for the two full-time analysts and half-time
data handling person plus the 20' x 20' work room.



-- Continued.

Utility:

The utility of-the data could increase dramatically,
and ét/th;s stage sﬁpport many in-house programs as
well as the needs of other agencies. However, limiting
the cataloging and analysis to U-2 data only would
severely limit the output of useful infbrmation from

the staff.

Intergovernmental Coordination:

Comments:

Because of the wide use of the fécility by projects
outside the auspices of DPED, some coordination with
the other-agencies will be necessary. Funding by
wproject, grant, or state would probably be required
to alleviate the financial burden on DPED. '

This level strives for major analysis capability, but

it . is limitéd to use of only U-2 data. Such an effort
would face all of the coordination and funding problems
of a major facility while outputting limited information
because of the limited data base. More compléfe and
effective analysis and a broader range .0of tasks could

be undertaken, however, if additional data types wefe

to be cataloged and utilized.
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C.4 -— Continued.

Space:

Space requirements for this scenaric include office

space plus a film review area (20' x 30'). This film

review area could initially double as a storage area,
- although more sfbrage area is likely to be needed

within a few years.

Utility: -
Data utility is increased because of ready aVailability
of the data to the users. However, the extent of this

improvement over Scenario 1 is expected to be small.

Intergovernmental Coordination:

The need for coordination with other agencies would be
high because copies of all types of imagery would be

stored in-house.

Comments:

This scenario is impractical from a CZM-DPED requirements
viewpoint. To assemble all remote sensing data (here
including all low-altitude imagery and satellite data)
without an analysis capability is not recemmended.

The volume of material to be stored and cataloged would
indicate high costs, and lack of in-house analysis .
would minimize utilizatidn;. This is not a practical

approach to an information center.



C.5 Scenario -5.
Data -
Type A B C
Facility f ‘ A
Function. . a b a b
1 5
11 - ’
I1I
{
Data: " All remote sensing data (satellite, U-2, low-altitude,

field photos, digital images, thermal data) to

which ~

the government has access. Availability, cost, need,

and relevance would govern (not an arbitrary collection of

evéry photo or image ever taken in the state).

Cataloging and Procedures:

Remote sensing data other than U~2 data would be

cataloged but not necessarily stored in-house.

A

- manual system could probably handle the data, but

computer systems should be considered. Retention of

data in-house would increase slowly as used.

In order

to index data which is not stored in-house, reference

files containing agency, location, .and availability of;

each data type would be used.

.

" ' . "



C.4 Scenario 4.
Data
Type. A B C
Facility
Function ’ a b a . b
I T 4
1T
ITI )
Data: U-2 imagery, low-altitude aerial photographs,‘sétellite

data, and any specialized imagery such as thermal line-

scan data._

_Cataloging Procedures: -

To catalog and maintain all of the remote sensing data
‘in-house would require two full-time data handling

specialists, perhaps more, if extensive use of the data

" by other agencies resulted in many retrieval requests.-

As an alternative to manual storage and retrieval, a
computerized system should be given serious consideration
at this level. An‘operational eomputerized storage

and retrieval system could reduce manpower requirements

to one half-time data handling specialist.



-- Continued.

Eguimment:

Personnel:

Light tables (2) - Richards 30 x 40 or equivalent
Large work tables (2) - 4' x &'

Portable stereo viewer (1)

7X loop magnifiers (minimum of 2)

Film cannisters (30)

White gloves (1 gross)

Fiie cabinets (3) 5 drawer type

Desks (2)
3 x 5 card file (1) 7
Completé set of island maps (U.S.G.S. - 7.5 minute

quadrangles)

Map file cabinet (1)

Rewind table (1) . "
Microfilm viewer (1) for satellite data

Film filing cabinets/shelves (5)

Computer (optional), stand-alone system or access to

time-sharing service network

\

Two full-time data handling specialists. If a computer
system is considered, the level drops to one half-time
person, but familiarization with computer systems and

processes would be necessary.



C.5
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-

Equipment: ~

This scenario differs somewhat from Scenario 4 because
~only part of the data cataloged and indexed would be
physically stored in-house. Although fewer film
storage cabinets and file cabinets are needed, the
-basic equipment remains the same as that needed in
Scenario 4. ' A . ,

Light tables..(2) - Richards 30 x 40 or equivalent
Large work tables (2) - 4' x 6' ‘

Portable stereo viewer (1) “ _ ‘ \ -
_7X loop magnifiers (minimum of 2) '

Film cannisters (10)

White gloves (1 gross)

File cabinets (2) 5 drawer type

Desks (2) o

3 x 5 card file (1)

Complete set of island maps (U.S.G.S. - 7.5 minute
" quadrangles) | ‘

Map file cabinet (1)
Rewind table (1)
Microfilm viewer (1) for satellite data
"Film filing cabinets/shelves (3)
Computer (optional), stand-alone system or access to

time-sharing service network



The volume of data, even if only some of it were
physically in-house, would require one full-time data
handling specialist for cataloging, organization, and.

general service. There is no analysis expertise

’

One work room 20' x 20', as in Scenario 1, and one

storage are 20' x 30' would handle all data for several

. C.5 -- Continued.
Personnel: '
available.
Space:
years.
Utility:

Lack of photographic interpretation personnal would
keep utility at a minimum; only contractors for CiM
are highly used. The large amount of data centralized

could draw experienced interpreters from other agencies.

‘Intergovernmental Coordination:

Inclusion of information on all remote sensing data
would. increase the need for cooperation with other
agenciles. Each agency that obtained remote sensing
data would now supply information to the data facility;
for selected data, an in-house copy would also be on
file at the facility.

/



-- Continued.

Comments:

This secnario would provide for a large data facility
and a large amount of data available, but there would
be little interpretation capability in-house. This

type of facility would best serve as an intermediate

phase of a long-term growth plan.



Scenario 6.

Data ; ,
- Type a B C
Facility . -
Function . a b - a b
I
- 11 6
II1T

Data:

U-2 imagery, low-altitude aerial photographs, Satellite

data and any specialized imagery such as ‘thermal line-

" scan data, to be stored in-house.

Catalogihg Procedures:

To catalog and maintina all of the remote_sensing data
in-house could réquire two full-time data handling
specialists, perhaps more, if extensive use of the data

" by other agencies resulted in.many retrieval requests.

As an alternative to manual storage and retrieval, a
computerized system should be given serious consider-
ation. An operational computerized storage and
retrieval system could reduce manpower\requirements to

one full-time data handling specialistl In\addition,

limited in-house analysis would be an additional burden

to the staff because more extensive use of the imagery
(a much greater number of retrieval requests) would
likely result. Depending on the level of uée, the cost
incurred to automate the data handling function cbuld

well be justified at this level.

4

\
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C.6 -~ Continued.

Equipment:

lighﬁ,tableé f2) - Riéhards 30 x 40 or equivalent
Large work tables (2) - 4' x 6° '

Portable stereé viewef (1) \

7X loop magnifiers‘(minimum'of 2)

Film cannisters (30) )

White gloves (1 gross)

File cabinets (3) 5 drawer type

-Desks (2)
o7 3 x 5 card file (1)

Complete set of island maps (U.S.G.S. - 7.5 minute

quadrangles) ‘

Map %ile cabinet (1)

Rewind table (1) i

Microfilm viewer (1) for satellite data

Light table (1) - Richards MIM3 (or equivalent) equipped
- with.a Zoom §5 stereo magnifier

FilmVSplicing equipment and supplies

Film filing cabinets/shelves (5)

Computgr (optional), stand—alone system or acéess to

time-sharing service network
Personnel:
Two full-time data handling specialists and one

" professional-level resource analyst with remote sensing

and photo interpretation-experience.



-- Continued.

Space:

Utility:

Office space for three full-time people, one work area

20' x 20', and a storage area 10' x 30'

The utility of tHis scenario is considerably improved
over Scenario 4; analysis of the data is provided as
will as data handling. The benefits of this scenario
outweigh those discussed in 2, because all types of

remote sensing data are now included, allowing much

. more flexibility in the type of project that can be

undertaken. Major limitations exist, however. The

needed ancillary data is not cataloged, and a single

resource analyst would limit the extent of the projects

undertaken. The CZM program as well as other. DPED
efforts would benefit considerably.

Intergovernmental Coordination:

Comments:

There would be extensive intergovernmental coordination

becguse a copy of all state data would be sent to the

data facility for cataloging and indexing.

In spite of increased usefulness over all other options

described thus far, this scenario is not practical

N . . *
g ]
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“

because of extensive in-house data handling cost
coupled with the lack of readily available ancillary

data and a small analysis staff.

c-21



c.7 Scenario 7.
Data ) o _
Type A B ' . C
Facility . -
Function ' a b -+ a b
. ” .
11 7
III
All remote sensing data (satellite, U-2, low-altitude,

- Data:

field; photos, digital images, thermal data) to which

the government has access. Availability, cost, need,

and relevance would govern collection (not an arbitrary

collection of every-photo or image ever taken in the
state) .

Cataloging and Procedures:

Remote sensing data other than U-2 data would be cata-
loged, but not necessarily stored, in-house. A manual
system could probably handle the data, but computer
systemé'should be considered seriously. Retention of
data in—-house would increase slowly as used. That is,
as data was used internally. for an analysis progfam,

copies would be retained in-~house for easy access.

)
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Equipment:

Light tables (2) - Richards 30 x 40 or equivalent
Large work tables (2) - 4' x 6' '
Portable stereo viewers (2)

7X loop magnifiers  (minimum of 2)

Film cannisters (15) \

White gloves-- (1l gross)

File cabinets (2) 5 drawer type
Desks (2)-
3 x 5 card file (1) ) - .
Complete set of>island maps (U.S5.G.S. - 7.5 minute

guadrangles)

Map file cabinet (1)

Rewind table (1) v

Microfilm viewer (1) for satellite data

Light table (1) - Richards MIM3 (or equivalent) equipped
with a Zoom 95 stereo magnifier

Film Splicing equipment and supplies

Film filing cabinets/shelves (3)

Computer (optionél),‘stand—alone system or access to

time-sharing service network
Personnel:
L ; - -
One full-time data handling specialist and one full-

time professional resource analyst with remote sensing

experience.



-— Continued.

Space:

- Office space for two people, one 20' x 20' work area,

Utility:

and one 10' x 20' storage area.

The utility is_increased considerably over that of
Scenario 5 (equivalent to Scenario 6). Lack of ’
ancillary data and limited analysis staff would preclude

in-depth data use. o

intergovernmental Coordination:

comments:

Operation could still remain DPED-funded and controlled.
However, increased outer agency data use and contribution
would require close coordination and cooperation.

Grant or project funding may become necessary for outer

agency use.

~

This scenario increases use at lower cost than
Scenarios 1 through 6, and it is one that deserves -
serious consideration as an effective data facility or

an intermediate step towards a more expanded faéility.

,

S W TS a e

'~ - i : )
g - — -!

L}



. o

C.8 Scenarib 8.

Data
Type A B C
Facility
- Function a b a b
T
1T
11T _ 8
Data: U-2 imagery, low-altitude aerial photographs, satellite

data, and any specialized imagery such as thermal line-

scan data, all of which is to be stored in-house.

Cataloging and Procedures:

To catalog and maintain all of the remote sensing data
in-house would require two “full-time data handling
specialisté, perhaps more, if extensive use of the data
by other agencies. resulted in many retrieval reguests.
As an alternative to manual storage and retrieval, a
computerized system should be given serious consideration
at this level. An operational computerized storage

and retrieval system could reduce manpower requirements
to one of one half-time data handling specialist. In
addition, the extensive increase in interprétive-
capability and staff required by this scenario would
make uée of a computerized cataloging system much more
cost effective.  Implied heavy use and large numbers of

~data inquiries point toward a computer handling system.



-- Continued.

Equipment:

A computer system to perform the dafa handling function
should be given serious consideration. It could serve
as part of the University CZM information system
previously discussed or as a stand-along system.
Because of the heavy emphasis on analysis, the computer
system could be used to supporﬁ the information
extraction tasks; digital image processing and
geographical information systems are important design

considerations.

Light tables (2)'Richards 30 x 40 or equivalent

Large work tables (2) - 4' x 6'
Qo:tablé stereo viewers (2)

7X’loop magnifiers {(minimum of 2)

Film cannisters (40) |

White éloves (l‘gross) ‘

File cabinets (3) 5 drawer type

Desks (4)

3 x 5 card file (1) v
Complete set of island maps (U.S.G.S. - 7.5 minute
guadrangles) '

‘Map file cabinet (1)

Rewind table (1)

Microfilm viewer (1) for satellite data

Light table (1) - Richards MIM3 (of equivalent)_eqﬁipped

- with a Zoom.95 stereo magnifier

Film Splicing equipment and supplies
Film filing cabinets/shelves (5)
Computer (optional), stand-alone system or access to

time~sharing service network

C-26
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c.8

-~ Continued.

Addition of two resource analysts with remote sensing
experience. The specific resource training of these
analysts should reflect different disciplines to
broaden the scope of analysis efforts. In addition,
two full-time datd handling specialists would be

required (one with a computer background if the system

This scenario requires a storage area 10' x 30' (rapidly
iricreasing), office space for four to six individuals,

a word area of 20' x 20', a computer room (optiongl)

Personnel:
were\éutomated).
Space:
10' x 20°
Utility:

fHeavy use by all state agencies. Funding would support

all users, not just the administrative agency. The
extensive analysis capability suggests the need for

ancillary information for optimum output.

Intergovernmental Coordination:

~—

As the need for coordination and cooperation- would be
high, legislative action to define fiscal, administra-
tive and contributive roles would be required. Copies

of all data at data facility would increase costs and

coordination.

- . c-27



~- Continued.

Comments:

With this scenario, we describe a multiple-project
data facility for the first time. The major limiting
factor is a lack of ancillary data as a support to the
analysis function. Because of extensive analysis

capability, the physical existence of all the imagery

“in the data facility would not be totally impractical;

however, careful study of this factor would be

necessary to detérmine if it were justified.

,
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C.9 Scenario 9.
Data - , i
Type A B C
Facility
Function : a b a - b
I
II |
I11 9
Data: . All remote sensing data (satellite, U-2, low-altitude,

field photos, digital images, thermal data) to which
the government has access. Availability, cost, need,
and relevance govern collection (not an arbitrary
collection of every photo or image ever taken in the
state) .

Cataloging and Procedures:

+

Remote sensing data other than U-2 data would be

cataloged but not necessarily stored in-house. A

manual system could probably handle the data, but

computer systems should be considered. Retention of

data in-house would increase slowly as used. That is,
~ as data was used internally for an analysis program,

copies would be retained in-house for eacy access.

i



Cc.9 -- Continued.
Equipment:
Light tébles (2) Richards 30 x 40 or equivalent
S Large work tables (2) - 4' x 6°'
Portable stered viewers (2)
7X loop magnifiers (minimum of 2)
Film cannisters (20)
White gloves (1 gross) N
File cabinets (2) 5 drawer type"
Desks (4) |
3 x 5 card file (1)
Complete set of island maps (U.S5.G.S. - 7.5 minute
) quadrangles)
Map file cabinet (1) N
Rewind table (1)
Microfilm viewer (1) for satellite data
Light table (i) - Richards MIM3 (or.eguivalent) equipped
with a Zoom 95 stereoc magnifier
‘Film Splicing equipment and supplies
Film filing cabinets/shelves (3)
Computer (optional), stand—alone»éystem.or access to
time~-sharing service network
Personnel: -

'

One full-time data handling specialist and three full-
fime resource analysts representing different discip-

linary backgrounds.
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- Continued.

Space:

~

~

This scenario requires a storage area 10' x 20', office

Utility: -

space for four individuals, a work area 20' x 20', and

~

a computer room (optional) 10' x 20'

As with Scenario 8, this scenario describes multiprogram
data facility. 1In addition to DPED prégrams, major
support for other givernment agencies could be provided.
Lack of systematically cataloged ancillary data is the
only limiting factor. It is possible-that some of

this ancillary déta would be on hand as it was collected

over a period of time for other projects.

Intergovernmental Coordination:

Comments:

The need for coordination would be high, and considerable
emphasis would be placed on reducing costs by combining
requests for aerial photographic coverage. Information
on all flights would be kept in the data facility;
selected hardcopies of that coverage would bé used in

the analysis. ' '

This scenario presents a cost factor lower than that

presénged in Sgenario 8, although the data utilization

’



—-- Continued.

is equivalent. Because of the increased interpretaticn
capability, the usefulness of the data is much better
than in Scenario 7; the increased cost is due to the

addition of two more resource analysts.
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c.1l0 Scenario 10.
. Data
Type A B - C
Facility
Function a b a b
I 10
IT
IIT
Data: The data pertinent to this scenario would include all

, the remote sensing data previously discussed under
levels A and B plus the necessary ancillary 1nformatlon
sources such as maps, spec1al charts, reports,
published research, 1nterpretatlon results from earller

investigation, field notes, environmental impact reports,

" and other guantitative information.

Cataloging and Procedures:

The magnitude of the data and required cross-referencing
would definitely require a computerized system with '
manual backup. Integration with the existing DPED
library would significantly reduce cost and redundancy.

Equipment:

In this case, computer-oriented operation would be
essential. The computer could be a dedicated stand-
along system or part of a time-sharing service.



-— Continued.

Interactive analysis would be necessary 1f prompt
response to inquiries were to be maintained.
Light tables (2) Richards 30 x 40 or eguivalent
Large work tables (2) - 4" x 6'
Portable stereo viewers (2) ‘

7X loop magnifiers {(minimum oﬁ~2)
Film cannisters (40) |
White gloves (3 gross)

File cabinets (3) .5 drawer type
Desks (3)

3 x5 card file (1) ,
COmpléte set of island maps (U.S.G.S. - 7.5 minute
quadrangles)

Map file cabinet (1)

Rewind table (1)

Microfilm viewer (1) for satellite data

Film filing cabinets/shelves (5)

Computer system (dedicated or time-sharing).

Personnel:

Space:

One full-time computer operator/maintenance person,
two data handling specialists with one of the people

|

with a library science background.

~

Stbragé area 20' x 20°', second room needed within few
years, a work area 20' x 20', library room 10' x 10°',

office space for three people. -

C-34
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~

A small increase in usefulness over Scenario 1 or 4

- because ancillary information would be available.

However, since no analysis is proviﬁed, the need for
this ancillary information as part of the data facility

is guestionable.

Intergovernmental Coordination:

‘Comments :

Much data acquisition by other organizations would be
coordinated by the data facility. A copy of all data

would be kept in-house, increasing data handling costs.

'

Very high cost and little utility makes this scenario

impractical.



c.1l1 Scenario 1l.
‘ Data
Type A B C
Facility -
Function a b a )
I 11
I1
ITT
Data: U-2 imagery, low-altitude aerial photographs, satellite

data and any specialized imagery such as thermal line
scan data, plus a significant amount of reference,
resource, and ancillary data, which will enhance or

supplement interpretation of the raw data.

Cataloging and Procedures:

Much of the available reference material or previous
study material must now be included in the cataloging
system. In addition to the large amount of remote
sensing data stored in-house, reference to out-of-house
ancillary data will be available. The cross-reference
complexity will become too much for manual filing.

At this level a ébmputer system should be implemented.
The difference between this scenario and Scenario 10,
previously discussed, is the quantity of material
physically stored at the data facility, which will

be large, although much less than in Scenario 10.
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Nevertheless, é more complex computer indexing and
retrieval system may be necessary because one must
know the agency and'physical location of the out-of-
lKouse photographs or library material.

Equipment:

In this case, computer operation would be essential.
The computer could be a dedicated stand-alone system or
part of a time-sharing service. Interactive analysis
would be necessary if prompt response to inquiries were
to be— maintained. .

Light tables (2) Richards 30 x 40 or equivalent

Large work tables (2) - 4' x &'

Portable stereo viewer (1) ‘

7% loop magnifiers (minimum of 2)

Film cannisters (20)

White gloves (2 gross)

File cabinets (3) 5 drawer type

Desks (3)

3 x5 card file (1)

Complete set of island maps -(U.S.G.S. - 7.5 minute
guadrangles) L

Map file cabinet (1) ‘

Rewind table (1)

Microfilm viewer (1) for satellite data

Film filing cabinets/shelves (5)

Computer system (dedicated or time-sharing).



c.1l1 -- Continued.

Personnel:

One full-time data handling specialist with library
sclence training and one full-time computer operator

,or person with computer training.

Space:
Storage area 20' x 20' with second room needed within
-a few years, work area 20' x 20', library room 10' x 10',
office space for three people.
Utility:

Relative to cost, the utility will be low because no

analysis capability exists in—housg (see comments).

Intergovernmental Coordination:

High. Cost would involve statewide cooperation in

areas of funding, data gathering, and usage. 1In this
scenario,; the data facility would not control statewide
data collection, but it would monitor all such activities

to maintain an up-to-date data base.
Comments:
'

'This scenario is similar to Scenario 10 and could be

considered impractical on the same basis. .However,
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—-— Continued.

under some conditions, a data facility such as described
here could serve a very useful function within the
State of Hawaii. If the various agencies each main-
tained an independent resource and planning specialist
with remote sensing experience, the-centrél data facility
could serve to quickly and efficiently provide them

with all available information requested. Thus,
independeht analysts and planners could contact one
agency or group, rather than a number of organizétions
within the state. | '



Cc.12 Scenario 12.

‘Data

Type A B ' - C

Facility
Function a b
- I ) )

II 12

I1I

]
I
]
Data: The data pertinent to this scenario would include all
the remote sensing data previéusly discussed under l
levels A and B plus the necessary ancillary information
sources sxich as maps, special charts, reports, l
published research, interpretation results from earlier (
investigation, field notes, environmental impact reports, l
and other guantitative information. . .
]
]
I
i
|
!

\

Cataloging and Procedures:

The amount of data and required cross-referencing would
definitely require a computerized system with manual
backup. Integration with the existing DPED library

would significantly reduce cost and redundancy.
Equipment:

Computer operation would be essential. The computer
could be a dedicated stand-alone system or part of a

time-sharing service. Interactive analysis would be



c.1l2 -~ Continued.
necessary if prompt respohse to inguiries were to be
maintained.
Equipment:
Light tables (2) Richards 30 X 40- or equivalent
Large work tables (3) - 4' x 6'
Portable stereo viewers (2)
) 7X loop magnifiers (minimum of 2)°
Film cannisters (40)
White gloves (3 gross)
- File cabinets (3) 5 drawer type
Desks (3)
3 x 5 card file (1) ' - ‘
Complete set of island maps (U.S.G.S. - 7.5 minute
~guadrangles)
Map file cabinet (2)
Rewind table (1)
Microfilm viewer (1) for . satellite data ,
Light_table (1) - Richards MIM3 (or equivalent) equipped
with a Zoom 95 stereo mégnifier .
Film splicing equipment and supplies
Film filing cabinets/shelves (5)
Computer systém (dedicated or time-sharing)
Personnel:

One full-time computer operator/maintenance person, one
full-time data handling specialist, one full-time

resource analyst with remote sensing experience.
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-- Continued.

Space:

Utility:

Storage area 20' x 20' with second room needed within
few years, work area 20' x 20', library room 10' x 10',

office space for three people.

There is small increase in usefulness over that for
Scenarios 1 or 4 because ancillary information would be
available. .There is also some improvement. over

Scenario 10 because of the-addition of an interpreter/

. resource analyst. K

iIntergovernmental Coordination:

Comments:

Very high data use by other organizations would be

coordinated by the data facility.- A copy of all data

would be kept in-house, increasing data handling costs.

P

The addition of ene analyst does not outweigh excessive

.cost for data handling. This scenario is impractical.

. ‘ ) v .
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C.13 . _Scenario 13. .
Data 4
: Type A , B C
Facility -
Function a b a b
I
Ir » ' - 13
IIT
Data: ~U-2 imagery, low-altitude aerial photographs, satellite

data, and any specialized imagery such as thermal line
scan data,\plusva significant amount of reference, '
‘resource, and ancillary data, which will enhance or

supplement interpretation of the raw data.

\ Cataloging and Procedures:
Much of the available reference material or previous
study material must now be included in the cataloging

~~system.. In addition to the large amount of remote
sensing data stored in-house, references to out-of-house
ancillarf data will be avaible. The cross-reference
complexity will become too much for manual filing. At
this level a computer system should be implemehted.

The difference between this scénario and Scenario 10,
previously discussed, is theIQuantity‘of material stored
at the data facility, which will be lafge, although

less than Scehario 10. Nevertheless, a more complex’

computer indexing and retrieval system may be necessary

v



-- Continued. ' C,

because one must know the agency and physical location

of the out-of-house photographs or library material.
Additionally, this scenario provides for limited analysis
by in-house staff and this information must be incorpor-

ated into the system,

Equipment:

Computer operation is essential. The computer could
be a dedicated system or used on a time-sharing basis.
The basic equipment remains the same as in Scenario 12,
although fewer storage cabinets are needed since all
data will not be in-house. .

Light tables (2) Richards 30 x 40 -or equivalent

Large work tables (3) - 4' x 6!
Portable stereo viewers (2)

7X loop magnifiers (minimum of 2)
Film cannisters (20) \

White gloves (2 gross)

File cabinets (2) 5 drawer type
Desks (3) o

3 x 5 card file (1)

Complete set of island maps (U.S.G.S. = 7.5 minute
guadrangles)’ )

Map file cabinet (2)

Rewind table (1) ®

Microfilm viewer (1) for satellite data

Light table (1) - Richards MIM3 (or equivalent) equipped
with a Zoom 95 stereo magnifier ‘



-=- Continued.

Film splicing equipment and supplies
Film filing cabinets/shelves (4)

Computer system (dedicated or time-sharing)

Personnel:’

Space:

Utility:

One full-time computer operator/maintenance person, one
full-time data handling specialist, one full-time

resource analyst with remote sensing experience.

Storage area 20' x 20' (second room needed within few
years), work area 20' x 20', library room 10' x 10', and

office space for three people.

Considerably higher immediate utility than Scenario 11

because of in-house expertise in analysis, although

this is a somewhat artificial condition:- (see comments).

Intergovernmental Coordination:

Statewide cooperation in areas of funding, data gathering,
and usage is needed. In this scenario the data facility
would not control statewide data collection, but it

would monitor all such activities to maintain an up-

to~-date data base.
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- Contihued..

»AComments:

This scenario 1s little differentjthan Scenario 11,

except that some analysis capability is now paft of
the data facility (rathef than existing elsewhere
within DPED); As structured, this option could serve -
as a statewide remote sensing and resource information
center with DPED analysisrcapability as part of the
facility, rather than separate.



- C.14 Scenario 14. ' \ o
Data | .
- Type | . A B RS
Facility — —
Function : a .. b a b
I
II ,
IIT - 14
‘Data: The data pertinent to this scenario would include all

the remote sensing data previcusly dlscussed under
“Levels A and B plus sources\for the necessary ancillary
information such as maps, special charts, reports,
published research, interpretation results from earlier

investigation, field notes, environmental impact reports. -

Catalecging Proceddres: _ ’ - , -

S ) .
With the inclusion of all types\of data and extensive
analysis, the cataloging task would be only one aspect
of the data facility operations. The primary effort
would consist of a centralized resource information
center. Computer system operation would be reéuired
and could be an outgrowth of the CZM geographical '
information system presently under development.

i

c-47
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Equipment:

Light tables (2) Richards 30 x 40 or equivalent

Large work tables (2) - 4' x 6'
Portable stereo viewers (2) -

7X loop magnifiers {minimum of 2)
Film cannisters (40)

White gloves (3 gqus)

File cabinets (3) 5 drawer type

Desks (8)

3 x 5 card file (1)

Complete set of island maps (U.S.G.S. - 7.5 minute
quadrangles)

Map file cabinet (1)

Rewind table (1)

Microfilm viewer (1) for satellite data

Light table (1)‘—ABichards MIM3 (or equivalent) egquipped
with a Zoom 95 stereo magnifier _
Film Splicing equipment and supplies
Film filing cabinets/shelves (5)

Computer system {dedicated)

In addition to the analysis and film handling equipment
listed aﬁove,\a dedicated stand-alone computer serving

as a comprehensive information system would be needed.

User-oriented peripherals to the main frame computer

would include:

s



“

Digitizing station .
Interactive graphics terminal

High-resolution color CRT display for image processing

Some of these peripherals would also be useful in earlier
scenarios where data handling was the primary task of

the cbmputer; here they would be more essential.

-

One data facility manager, one computer programmer,

two data handling specialists, one full-time secretary.

Office space for eight people, a computer room, 20' x 20',

' a work area 20' x 20', a library room 10' x 209, a

storage area (one or two rooms, each 20' x 20').

c.l4 - Confinﬁed.
' Large flatbed plbtter
(optionél)
Personnel:
Space:
Utility:

This major information center would have very high
usefulness, supporting numerous statewide planning and

resource evaluation programs.
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-— Continued.

Intergovernmental Coordination:

Comments:

L
In this scenario, coordination actually decreases as
the data facility (resource information center is
perhaps a better name) could take on many of the

functions now scattered among several agencies.

This scenario describes a statewide information center
rather than a single agency data facility. Although
utility is very high, problems of governmental
organization and politics may outweigh its usefulness.

-

3
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C.15 Scenario 15.
Data
Type | - A B - C
Facility -
~Function . a b a b
I
II
11T _ ) . ;5
Data: The data pertinent to this scenario would include all

the remote sensing data previously discussed under
Levels-A and B plus the-references.for_ancillary
information Shch as maps, special charts, reports,
published‘research, interpretation results from earlier

inVestigation, field notes, environmental impact reports.

Catalcoging Procedures:

Beéausé o% ali types of dafa and extensive analysis

has been added, the cataloging task is only one part of
operation. The primary effort would consist of a
centralized resource information center. Computer
system operation would be required and could be an
outgrowth of the CZM geographical information systenm

preseﬁtly under development. Although this scenario

.provides for the cataloging of all data types, they

will not necessarily be stored in-house (as in .

* Scenario 14).

-C~51
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Eguipment:

Light tables (2) Richards 30 x 40 or equivalent
Large work tables (2) - 4' x 6'

Portable stereo viewers (2)

7% loop magnifiers (minimum of 2)

Film cannisters (20)l

White gloves (2 gross)

File cabinets (3) 5 drawer -type

Desks (7)

3 x 5 card file (1)

Complete set of island maps (U.S.G.S. - 7.5 minute
quadrangles) ‘ ‘

Map file cabinet (1) ) ‘ |

Rewind table (1) '

Microfilm viewer (1) for satellite data

Light table (1) - Richards MIM3 (or equivalent) equipped
with a Zoom 95 stereo magnifier

Film Splicing equipment and supplies

Film filing cabinets/shelves (5)

' Computer system (dedicated)

In addition to the analysis and film handliné equibment
listed above, a dedicated stand—aloné computer serving

as:a-comprehensive information system would be needed.

User-oriented peripherals to the main frame computer

would include:-

Q
|

52

t



1

C.15

-~ Continued.

Personnel:

Large flatbed plotter
Digitizing station '
Interactive graphics . terminal -

High-resolution color CRT display for image processing

(optional)
Some of these peripherals would also be useful in earlier

scenarios where data handling was the primary task of

the computer, but they become more essential here.

One data facility manager, one computer programmer,

) one data handling specialist, one full-time secretary.

Space:

Utility:

-

Office space for seven people, a computer room, 20' x 20,
a work area 20' x 20', a library room 10' x 20', and a

storage area (one or two rooms, each 20 x 20').

/

As a major information center, data utility is very
high and would be expected to support numerous state-

wide planning and resource evaluation programs.
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Interagency Coordination:

Comments:

'In this scenario, the data facility would provide

extensive interagency coordination. Not all of the
data would be physically stored in the facility,

which implies other agencies involved in some data

. collection and analysis programs. To reduce cost and

obtain economies of scale, coordination would be

required. -

The statewide facility would be.heavily involved with
coordination between agencies and would conduct
joint programs of analysis with other agencies.

I3

)
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APPENDIX D

AVAILABLE LANDSAT DATA

This appendix provides the LANDSAT coverage over Hawaiil
through 22 July 1976.

-
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U.S. GEOLOGICAL SURVEY

EROS DATA.CENTER STANDARD PRODUCTS
AIRCRAFT PRODUCTS

Aug. 1, 1975
AERIAL MAPPING PHOTOGRAPHY
Black & White ) .
Image Size Format Unit Price _Black & White Péiper Print
9 inch. Film Positive $ 500 , Photo Index
9 inch. Film Negative 600 Film Source Format Unit Price
9 !nch. Paper 3.00 B&W-SizeA 10 x 12" $ 5.00
18 inch. Paper 8.00 Bg W-SizeB Other 5.00
21 inch. Paper 9.00
36 inch. Paper 15.00
NASA RESEARCH AIRCRAFT PHOTCGRAPHY :
Black & White Color
Image Size Format Unit Price Unit Price
2.2 inch. Film Positive $ 3.00 $ 6.00
2.2 inch. Film Negative 4.00 NA.
4.5 inch. " Film Positive 4,00 7.00
4.5 inch Fili: Negative 5.00 N.A.
4.5 inch. Paper 3.00 7.00
9.0 inch Film Paositive 5.00 1200
9.0 inch Film Negative 6.00 N.A.
9.0 inch. Paper 3.00 7.00
9X18 inch. Film Positive 10.00 24.00
9X18 inch. Film Negative 12,00 NA.
9X18 inch. Paper 6.00 14,00
18.0 inch. Paper 8.00 20.00
27.0 inch, Paper 9.00 25.00
36.0 i_nch. Paper 15.00 40.00
MISCELLANEOUS
MICROI,:lLM Black & White Color
Roll Price Roll Price
16 mm (100 foot roll) $15.00 $40.00
35mm (100 foot rofl) 2000 45.00
KELSH PLATES .
“Contact Prints on Glass Black & White
Specify thickness {0.25 or 0.06 inch)
and method of printing (emulsion to
emulsion or through film base). $12.00
TRANSFORMED PRINTS
- , Black & White
From convergent or transverse low oblique .
photogiaphs. $3.00
35 mm MOUNTED SLIDE Black & White Color
35 mm mounted duplicate slide where available $1.00 $1.00

Complete roll reproduction delivered in roll format carries a 50% reduction in frame price.

Custom processing of non-standard products is available at three times the standard product price. If a non-
standard size is desired, price is three times the next larger standard product price.

Priority service with guaranteed five workin

times the standard product price.

g days shipment is offered for standard products only, at three

See Reverse



U.S. GEOLOGICAL SURVEY
EROS DATA CENTER STANDARD PRODUCTS

" = Color composites are portrayed in false color (infrared) and not true color.

" _SATELLITE PRODUCTS Aug, 1, 1975
DATA

LANDSAT Black & White Colar Composite
fmage Size Scale Format - Unit Price Unit Price
2.2 inch. 1:3369000 Film Paositive $ 300 NA.

2.2 inch. 1:3369000 Film Negative 400 NA.

7.3 inch. 1:1000000 Film Positive 5.00 12.00

7.3 inch. 1:1000000 Film Negative 6.00 N.A

7.3 inch. 1:1000000 Pager . 300 7.00
14.6 inch. 1:500000 Paper 8.00 20.00
29.2 inch. 1:250000 Paper ’ 1500 40.00
COLOR COMPOSITE GENERATION *(When not already available)

Image Size Scale Format - Unit Price

7.3 inch. 1:1000000 Printing Master ** $50.00

** Cost of product from this composite must be added to total cost.

COMPUTER COMPATIBLE TAPES

Tracks b.p.i. ‘ Format . Set Price
7 800 tape set $200.00
9 800 tape set 200.00
9 1600 - tape set 200.00
NASA LANDSAT CATALOGS ' i
Cost
Title Per Volume
U.S. Standard Catalog - Monthly ’ § 1.25 each.
Non - U.S. Standard Catalog - Monthly 1.25 each
Cumulative U.S. Standard Catalog — 1972/1973 .also
1973/1974
Volume 1 Observation ID Listing
Volume 2 Coardinate Listing 1.25 each
Cumulative Non - U.S. Standard Catalog — 1972/1973 aiso
1973/1974 .

Volume 1 Observation ID Listing

Volume 2 QObservation ID Listing

Volume 3 Coordinate Listing - ]
Volume 4 Coardinate Listing 1.25 gach

MANNED SPACECRAFT PRODUCTS

SKYLAB S190A PHOTOGRAPHY

Black & White Color
Image Size Scale Format Unit Price Unit Price
2.2 inch. 1:2850000 Film Positive $ 300 . $ 6.00
2.2 inch. 1:2850000 : Film Negative 400 N.A.
6.4 inch. 1:1000000 Paper 3.00 7.00
12.8 inch. 1:500000 - Paper 8.00 20.00
256 inch. - 1:250000 ) Papet 15.00 40.00
SKYLAB S190B PHOTOGRAPHY ,
) Black & White Color
Image Size Scale . Format Unit Price Unit Price
4.5 inch. . 1:950000 Film Positive ' $ 4.00 $ 7.00
4.5 inch. 1:950000 Film Negative 5.00 N.A.
4.5 inch. 1:950000 Paper 3.00 7.00
8.6 inch. 1:500000 Paper 3.00 7.00
17.2 inch. 1:250000 Paper 8.00 20.00
34.4 inch. 1:125000 Paper 15.00  40.00
APOLLO/GEMINI PHOTOGRAPHY
) Black & White - Color
Image Size Format Unit Price Unit "Price
2.2 inch - Film Positive $3.00 $6.00
2.2 inch " Film Negative 4.00 NA.
8.9 inch - Paper 3.00 . 700
17.9 inch . Paper 8.00 20.00

. ) See Reverse
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